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THE    PRESERVATION    OF    NEUTRALITY    IN    CULTURE     MEDIA 

WITH  THE   AID   OF   PHOSPHATES.* 

Lawrence  J.  Henderson  and  H.  B.  Webster. 
{From  the  Laboratory  of  Biological  Chemistry  of  the  Harvard  Medical  School.) 

In  order  to  acidify  di-potassium  phosphate  enough  acid 
to  convert  it  into  mono-potassium  phosphate,  that  is  to  say 
one  molecule  of  a  monobasic  acid,  must  be  added  to  its  solu- 
tions before  their  reaction  becomes  barely  acid ;  and  of 
course  to  solutions  containing  salts  like  acid  potassium 
phosphate  an  equivalent  amount  of  alkali  must  be  added  to 
obtain  a  slight  alkaline  reaction.  These  facts  suggest  that 
such  substances  or  mixtures  of  them  may  be  of  use  to  obtain 
neutral  culture  media  and  to  preserve  the  neutrality  of  such 
media  during  the  growth  of  acid  or  alkali  forming  organisms 
upon  them.  This  possibility  is  strengthened  by  the  fact  that 
phosphates  are  an  important  constituent  of  living  proto- 
plasm, where  they  must  serve  to  neutralize  acid  or  alkali 
produced  by  the  metabolism  of  the  cell  or  in  any  way  intro- 
duced into  it,  as  elsewhere  pointed  out  by  one  of  us.f  Thus 
the  use  of  phosphates  for  this  purpose,  closely  simulating  the 
conditions  within  the  cell,  seems  a  simple  and  natural  device. 

Over  substances  like  calcium  carbonate  the  phosphates 
have  the  important  advantage  theoretically,  in  neutralizing 
acids,  that  the  chemical  change  occurs  in  solution  and  is 
instantaneous  and  complete  throughout  all  portions  of  the 
solution ;  however,  the  actual  advantages  of  the  single  phase 
reaction  in   this   case   can   be   tested   only  by  experiment. 

♦  Received  for  publication  Nov.  22,  1906. 

t  Equilibrium  in  Solutions  of  Phosphates  by  Lawrence  J.  Henderson,  American 
Journal  of  Physiology,  XV.,  357-271, 1906. 


2  HENDERSON  AND   WEBSTER. 

Accordingly  the  following  experiments  were  carried  out  to 
test  the  usefulness  of  phosphates  to  hasten  and  increase  the 
growth  of  B.  acidi  lactici. 

First  Series.  —  Five  hundred  cubic  centimeters  of  whey, 
freshly  prepared,  was  inoculated  with  a  pure  culture  of  B.  acidi 
lactici  suspended  in  one  hundred  cubic  centimeters  of  water ; 
three  hundred  cubic  centimeters  of  the  resulting  liquid  was  then 
mixed  with  fifty  cubic  centimeters  of  a  five  per  cent  solution 
of  Na2HP04  and  for  control  experiments  the  remaining  three 
hundred  cubic  centimeters  were  diluted  with  fifty  cubic  centi- 
,  meters  of  five  per  cent  NaCl.  After  thoroughly  mixing  the 
preparations  they  were  introduced  in  twenty-five  cubic  centi- 
meter portions  into  test-tubes  and  placed  in  a  thermostat  at 
400  C.  The  rapidity  of  growth  of  the  organisms  was  esti- 
mated by  titration  from  time  to  time  of  the  acidity  of  the 
tubes,  using  2n/3  NaOH  and  as  indicator  phenolphthalein. 
The  results  of  these  titrations  are  collected  in  the  following 
table : 


Table  I. 


Solution  to  which  Phosphate  was  added. 

Solution  to  which  no  Phosphate  was  added. 

Time  of  Incu- 
bation. 

Total 
Acidity. 

Increase 
of  Acidity. 

Time  of  Incu- 
bation. 

Total 
Acidity. 

Increase 
of  Acidity. 

"      O 

4       "     ..... 

20  "      

21  "      

45       " 

70       "      

70       "     

i-39n 

3.28 

396 

11. 1 

10.7 

15-5 
18.1 

18.6 

O 
I.8911 

"■57 

9.73 

9-31 
14. 1 

I7.7 

17.2 

O 
4  hours 

4     " 

20  " 

21  " 

45      " 
70     " 

70     " 

70     " 

I.36n 

2.32 

2.03 

5.06 

5.06 

8.09 

17.2 

II. 2 

8-43 

O 
O.9611 
O.67 
4.70 
4.70 

7-73 
.    15.8 

9.8 

7.07 

PRESERVATION   OF  NEUTRALITY  IN   CULTURE   MEDIA.       3 

The  slight  variation  in  the  results  may  be  due  to  slight 
settling  of  the  bacteria  during  the  measuring  out  of  the 
proportions  of  the  original  solutions.  Thus  one  portion  might 
be  started  with  rather  more  bacteria  in  jt  than  others.  The 
solution  was  separated  into  measured  portions  before  incu- 
bation to  avoid  the  error  due  to  evaporation  and  concentra- 
tion of  the  solution. 

Clearly  the  production  of  acid  is  uniformly  and  very  con- 
siderably greater  in  those  tubes  which  contain  phosphates,  a 
result  which  in  such  a  large  number  of  single  experiments 
cannot  be  ascribed  to  chance. 

Second  Series.  —  Four  hundred  cubic  centimeters  of  five 
per  cent  glucose  solution,  fifty  cubic  centimeters  of  proteid 
free  blood  serum  previously  inoculated  with  B.  acidi  lactici 
and  fifty  cubic  centimeters  five  per  cent  Na2HP04  solution 
and  a  small  quantity  of  asparagin  were  mixed.  A  similar 
solution  for  control  was  prepared  using  NaCl  instead  of 
NajHP04;  twenty-five  cubic  centimeter  portions  of  these 
preparations  were  introduced  into  test-tubes  and  placed  in 
the  thermostat  at  400  C.  The  original  glucose  content  of 
the  two  solutions  was  determined  by  titration  with  Pavy's 
solution.  After  three  days  the  glucose  content  of  the  various 
tubes  in  which  the  organism  had  been  growing  was  estimated. 
The  results  of  these  determinations  are  collected  in  the  fol- 
lowing table : 


HENDERSON  AND   WEBSTER. 


Table  II. 


Solution  containing  Phosphate. 

Solution  containing  Sodium  Chloride. 

Initial  Glucose  Content,  0.57  0. 

Initial  Glucose  Content,  0.6a  jf. 

Portions  examined  after  3  days. 

Portions  examined  after  3  days. 

2d         "       .' ..O.l7% 

*4th       "       0.37% 

5th       «       0.12%         " 

*7th       "       0.32% 

id        "       0.76% 

4th       "       .CMC  °L 

5th       "       0.49% 

6th      "      0.4c  °L 

7th      "      0.4.8  °L 

8th      " o.io  °/» 

oth      "      o.at°L 

*  These  tubes  showed  but  slight  turbidity.    For  some  reason  the  bacteria  did  not  grow 
as  profusely  in  them  as  in  the  others. 


Even  more  striking  than  in  the  first  series  of  experiments 
is  the  favorable  influence  of  phosphates  upon  the  growth  of 
B.  acidi  lactici  in  this  second  series.  Here  again  the  results 
are  on  the  whole  surprisingly  uniform,  and  it  is  not  possible 
reasonably  to  explain  them  by  chance  coincidences. 

The  presence  of  phosphates  in  these  experiments  has 
greatly  favored  the  growth  of  the  acid-producing  organism, 
as  was  expected  from  theoretical  considerations ;  this  favor- 
ing influence  may  reasonably  be  explained  by  the  ability  of 
the  phosphate  to  neutralize  the  acid  formed,  though  that 
explanation  has  not  been  conclusively  established  by  the 
experiments. 

In  conclusion  it  may  be  pointed  out  that  the  neutrality  of 
mixtures  of  mono-  and  di-phosphates  within  wide  ranges  of 
variation  of  alkali  and  acid  content  may  be  utilized  readily 
to  prepare   neutral   culture   media   without   titration.     If  a 
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culture  medium  is  found  to  be  slightly  acid  or  alkaline  it  is 
only  necessary  to  add  a  few  cubic  centimeters  of  a  moderately 
concentrated  solution  of  alkaline  or  acid  phosphate,  as  the 
case  may  be,  and  the  reaction  will  be  neutral. 

It  is  hoped  that  this  investigation  may  be  of  use  in  indi- 
cating a  rational  method  of  favoring  the  growth  of  acid- 
producing  organisms  and  in  providing  a  quick  and  easy 
means  of  obtaining  neutral  culture  media. 


THE  ELASTIC   TISSUE   OF  CARCINOMATA.* 

Guthrie  McConnell,  M.D. 
{From  the  Laboratory  of  the  St.  Louis  Skin  and  Cancer  Hospital.) 

Although  a  number  of  investigators  have  examined  into 
the  formation  of  elastic  tissue  in  tumors,  yet  the  question  as  to 
whether  or  not  new  fibers  are  present  still  remains  unsettled. 

The  following  cases  were  examined  primarily  in  regard  to 
the  above  condition,  but  another  point  was  considered. 
That  one  was  in  reference  to  the  possibility  of  there  being 
some  relationship  between  the  development  of  carcinomata, 
particularly  of  the  skin,  and  changes  taking  place  in  the 
elastic  tissue,  either  in  quantity  or  quality,  in  advanced  life. 

In  the  skin  of  adults  well  on  in  life  there  is  what  appears 
to  be  an  increase  in  the  amount  of  elastic  tissue.  That  this 
is  merely  apparent  and  not  actual  is  agreed  upon  by  most 
observers.  The  general  opinion  is  that  there  is  an  atrophy 
of  the  connective  tissue  with  a  thinning  of  the  skin  and  a 
crowding  together  of  the  elastic  fibers. 

Schmidt1  believes  "that  the  elastic  degeneration  is  the 
main  element  in  the  senile  changes  of  the  skin,  from  the  for- 
mation of  the  first  elastic  fragmentation  to  the  transforma- 
tion of  the  cutis  into  a  structureless  mass."  He  also 
believes  that  the  apparent  increase  in  amount  of  elastic  tissue 
is  due  to  a  diminution  in  volume  of  the  skin  and  a  flattening 
of  the  papillary  bodies. 

Reizenstein8  confirms  Schmidt's  results  in  general.  He, 
however,  found  the  degenerative  changes  in  young  people  of 
twenty-six  and  twenty- eight. 

Unna8  believes  that  the  increase  of  elastic  fibers  in  the 
skin  is  not  due  to  new  formation,  but  is  the  simple  result  of 
an  irregular  thickening  of  the  fibers.  He  also  claims  that 
there  is  a  degeneration  of  both  the  elastic  and  the  collage- 
nous bundles. 

Orbant4  examined  the  skin  from  the  bodies  of  twenty  old 
people  and  found  it  much  thinned  with  also  marked  changes 

•Received  for  publication  Nov.  25, 1906. 
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of  the  elastic  tissue  in  the  sub-epithelial  layer.  The  fibers 
being  thickened,  irregularly  arranged  and  showing  a  "  col- 
loid" degeneration. 

Borrman6  in  discussing  the  development  of  skin  carcino- 
mata speaks  of  a  swelling  and  degeneration  of  the  elastic 
fibers  as  one  of  the  preliminary  processes. 

The  thought  arose  as  to  whether  on  account  of  the  degen- 
eration of  the  elastic  tissue  there  was  not  a  loss  of  the 
restraining  power  that  normally  settles  the  point  at  which 
proliferation  of  cells  should  cease.  That  instead  of  there 
being  a  new  formation  of  elastic  tissue  in  tumors  that  there 
is  a  diminution,  with  a  decrease  in  its  power  of  keeping  the 
general  structures  in  a  tonic  condition.  The  point  to  be 
proven  would  of  course  have,  to  be  that  in  those  people  suf- 
fering from  malignant  disease  there  was  a  greater  degenera- 
tion of  elastic  tissue  than  commonly  occurs. 

Sixty-five  specimens  of  new  growths,  carcinomata,  were 
examined;  they  were  divided  as  follows: 

36  Epitheliomata. 

13  Rodent  ulcers. 

13  Carcinomata. 
3  Malignant  adenomata. 

The  method  of  staining  was  the  acid  orcein,  followed  by 
Unna's  polychrome  methylene  blue.  The  latter  being  used 
for  the  purpose  of  revealing  the  presence  of  elacin,  the  form 
of  degeneration  in  which  the  elastic  tissue  loses  its  affinity  for 
the  acid  stain  but  takes  up  the  basic. 

The  fixation  in  all  cases  was  in  Zenker's  fluid,  followed  by 
imbedding  in  celloidin. 

SQUAMOUS   EPITHELIOMATA. 

Of  these  there  were  thirty-two  primary  growths,  three 
secondary  and  one  recurrent.  Twenty-six  were  from  the 
skin,  two  from  the  tongue,  two  from  the  cervix,  three  second- 
ary in  lymph  nodes  and  one  unknown. 

The  changes  in  all  of  these  specimens  were  so  similar,  dif- 
fering merely  in  degree,  that  the  same  description  will  do  for 
all. 
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With  the  exception  of  the  secondary  growths  all  but  one 
or  two  of  the  others  were  so  prepared  as  to  include  the  unin- 
volved  skin  or  mucous  membrane. 

The  elastic  tissue  in  all  of  these  showed  a  distinct  fragmenta- 
tion in  the  areas  uninvolved  by  the  tumor  cells.  The  fibers 
in  many  places  had  broken  into  pieces  which  were  consider- 
ably thicker  than  the  normal  ones  remaining.  In  some  areas 
there  was  a  distinct  granulation  of  the  fibers,  these  granules 
still  retaining  their  affinity  for  the  acid  orcein. 

As  the  periphery  of  the  advancing  growth  is  approached 
the  amount  of  elastic  tissue  is  generally  considerably  in- 
creased up  to  the  edge  of  the  zone  of  round  cell  infiltration. 
It  then  as  a  rule  abruptly  diminishes. 

In  twelve  of  the  specimens  there  is  distinct  evidence  of  the 
pushing  ahead  of  the  fibers  by  the  advancing  growth.  This 
may  be  indicated  by  a  thick  layer  of  fibers  following  the  out- 
line of  the  growth  or  at  the  point  of  an  advancing  papillary 
ingrowth  the  elastic  tissue  may  be  massed.  In  one  section 
the  fibers  at  the  apex  of  the  papilla  have  broken  into  irregu- 
lar fragments,  while  along  the  side  fibers  remain  quite  long 
and  delicate. 

Within  the  zone  of  round  cell  infiltration  and  in  the  periph- 
eral zone  of  the  neoplastic  tissue  there  are  elastic  fibers 
present,  but  in  less  amount  than  in  the  unattacked  tissue. 
With  the  exception  of  seven  specimens  the  elastic  tissue  be- 
comes very  distinctly  less  as  the  interior  of  the  growth  is 
approached.  In  twelve  instances  there  is  an  almost  complete 
disappearance  of  the  elastic  fibers. 

Two  of  the  sections,  one  from  the  lip,  the  other  from  a 
very  early  epitheliomata  of  the  back  of  the  hand  following  a 
burn,  showed  a  very  interesting  condition.  In  the  lip 
specimen  all  the  fibers  of  elastic  tissue  instead  of  staining 
distinctly  with  the  acid  orcein  took  up  the  polychrome  blue 
to  the  extent  of  becoming  a  very  definite  purple.  The  other 
section  from  the  hand  shows  many  fibers  that  have  not  been 
at  all  influenced  by  the  orcein  but  have  been  acted  upon  by 
the  basic  polychrome  dye  staining  a  very  definite  blue. 
This  reaction  occurs  not  only  in  the  immediate  neighborhood 
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of  the  growth  but  in  what  appears  to  be  healthy  tissue  on 
either  side.  The  changes  are  apparently  a  degeneration  of 
the  elastic  tissue  into  the  elacin  of  Unna. 

The  action  of  the  growth  upon  the  elastic  tissue  would 
appear  to  be  mainly  a  mechanical  one,  but  another  factor 
may  have  some  bearing.  Intervening  between  the  surface 
of  the  growth  and  the  surrounding  tissue  is  a  more  or  less 
well  developed  zone  of  round  cell  infiltration.  The  increased 
amount  of  elastic  tissue  is  found  beyond  the  round  cells  in 
the  uninvolved  areas.  It  may  be  that  the  round  cells  exert 
some  direct  influence  upon  the  elastic  fibers  that  helps  to 
bring  about  their  degeneration. 

The  ages  of  the  patients  in  those  cases  in  which  it  could 
be  ascertained  varied  from  forty  to  seventy-three  with  two 
exceptions.  One  a  girl  of  nineteen  in  which  there  was  an 
extensive  proliferation  of  epithelium  in  a  scar  of  a  large  burn 
of  the  thigh.  The  other  case  was  that  of  an  epithelioma  of 
the  cervix  in  a  woman  of  thirty-four.  Omitting  the  above 
two  the  average  age  was  fifty-five. 

RODENT  ULCER. 

Thirteen  specimens  were  examined. 

In  these  the  conditions  were  practically  similar  to  what 
have  been  described  in  the  epitheliomata.  In  all  of  them 
there  was  marked  fragmentation  of  the  elastic  tissue  away 
from  the  growth  as  well  as  in  it.  The  amount  of  the  elastic 
fibers  decreased  greatly  the  further  away  from  the  periphery, 
and  in  one  specimen  there  were  almost  no  fibers,  notwith- 
standing the  fact  that  there  was  an  unusual  amount  of  con- 
nective tissue  surrounding  the  cell  nests.  In  another  speci- 
men taken  from  deep  in  the  tumor  there  was  no  elastic  tissue 
present,  not  even  in  the  small  fibrous  areas  containing  the 
capillary  blood  vessels.  A  third  slide  showed  an  unusual 
amount  of  elastic  tissue  in  the  skin  and  surrounding  the  cell 
nests,  but  even  in  this  one  there  was  less  elastin  in  the  central 
portion  of  the  growth. 

Five-  out  of  the  thirteen  specimens  also  showed  distinct 
evidences  of  the  mechanical  crowding  together  of  the  elastic 
fibers. 


ELASTIC   TISSUE  OF  CARCINOMATA.  II 

« 

The  average  age  of  ten  of  the  cases  was  sixty-four,  the 
oldest  seventy-seven,  the  youngest  forty-nine.  Three  were 
in  females,  seven  in  males. 

CARCINOMATA. 

Of  the  thirteen  specimens  examined  five  were  from  the 
breast,  four  primary  and  one  recurrent.  The  five  showed 
quite  similar  conditions.  There  was  very  little  elastic  tissue 
present,  many  areas  being  almost  completely  free.  What 
was  found  occurred  in  fragments  and  fibers  scattered  here 
and  there  in  the  connective-tissue  trabecular.  In  four  of 
these  were  found  rings  of  elastic  tissue  enclosing  tumor  cells. 

The  other  specimens  were  from  the  foot,  uterus,  esophagus, 
stomach,  three  secondary  growths  from  the  axilla,  and  one 
whose  source  was  unknown. 

In  the  thirteen  there  was  more  or  less  marked  fragmenta- 
tion with  a  decrease  of  the  elastic  tissue  toward  the  center 
of  the  growth. 

MALIGNANT  ADENOMATA. 

In  these  three  specimens  there  was  also  fragmentation  of 
the  elastic  tissue,  and  in  two  cases  there  was  an  aliftost  com- 
plete absence  of  the  tissue. 

ELASTIC  TISSUE   RINGS. 

In  fifteen  of  the  specimens  out  of  the  sixty-five  examined, 
there  were  found  round  or  oval  rings  of  elastic  tissue 
enclosing  masses  of  tumor  cells  in  between  which  there  were 
occasionally  found  small  blood  vessels. 

The  origin  of  these  rings  seems  to  vary  somewhat  accord- 
ing to  the  site  of  the  growth.  In  the  epitheliomata  of  the 
skin  there  were  in  several  instances  the  picture  of  an  advanc- 
ing papilla  of  tumor  cells  pushing  a  felt-work  of  elastic  fibers 
ahead.  It  would  be  evident  that  if  such  a  process  was  cut 
transversely,  there  would  be  found  a  mass  of  tumor  cells 
surrounded  by  a  ring  of  more  or  less  degenerated  elastic 
tissue. 

In  tumors  arising  from  glandular  structures  such  as  the 
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breast,  the  rings  are  probably  the  remains  of  ducts  that  have 
been  occluded  by  the  new  cells.  In  one  specimen  quite  a 
large  duct  was  found  that  was  surrounded  by  a  thick  ring  off 
fragments  of  elastic  fibers.  One  side  of  the  opening  was 
covered  by  apparently  normal  epithelium,  while  on  the  other 
there  were  several  layers  of  definitely  atypical  and  abnormal 
epithelium. 

In  some  specimens  the  rings  presented  a  distinctly  corru- 
gated appearance  and  on  that  account  were  suspected  of 
being  blood  vessels  that  had  become  thrombosed.  This 
possibility  was  verified  by  the  findings  in  one  instance.  In 
it  there  was  present  a  long  oval  ring  within  which  were 
several  tumor  cells  and  also  some  blood  cells.  This  mass  of 
elastic  tissue  could  be  traced  continuously  till  it  developed 
into  a  well  formed  blood  vessel. 

The  following  references  concerning  elastic  tissue  in  new 
growths  were  consulted : 

Melnikow-Raswedenkow6  in  their  article  come  to  the  con- 
clusion that  there  is  no  increase  of  the  elastic  tissue  in 
tumors.  Hanseman7  says  that  in  general  there  is  no  increase 
in  tumors,  but  mentions  a  case  of  splenic  metastases  in 
which  the  elastin  was  apparently  much  increased.  Tsutomu 
Inoye  8  examined  twenty  cases  of  carcinoma  of  the  stomach 
and  speaks  of  the  mechanical  action  of  the  growth  upon  the 
elastic  fibers.  The  only  new  formation  that  he  mentions  is 
that  which  he  found  taking  place  in  the  immediate  neighbor- 
hood of  the  blood  vessels. 

Wrench 9  concludes  that  "  the  small  meshed  intra-alveolar 
stroma  of  carcinoma,  whether  primary  or  secondary,  is  devoid 
of  newly  formed  elastic  tissue,  except  in  the  neighborhood 
of  vessels  or  ducts."  In  examining  four  cases  of  primary 
carcinoma  of  the  liver  he  concluded  that  "  the  stroma  of 
primary  carcinoma  of  the  liver  is  of  at  least  two  varieties :  (0) 
Small  meshed  stroma,  delicate  or  dense  (scirrhous)  free  of 
elastic  tissue,  (b)  Large  meshed  stroma  containing  abund- 
ant elastic  tissue  and  indicating  a  preexisting  cirrhosis. 

Fischer 10  in  the  examination  of  many  tumors  concluded 
that  in  all  chronic  neoplasms  elastic  fibers  were  formed,  but 


ELASTIC   TISSUE  OF   CARCINOMATA.  1 3 

that  in  the  rapidly  growing  forms,  particularly  in  carcinoma 
and  sarcoma,  the  elastic  fibers  are  generally  lacking. 

White  H  out  of  his  seventeen  cases  says  that  "  In  only  one 
case,  a  carcinoma  of  the  breast,  does  there  seem  to  be  suf- 
ficient ground  for  claiming  an  increase  in  amount  or  of  new 
formation." 

Williams12  concludes  from  his  findings  in  thirty-seven 
cases  of  carcinoma  that:  1.  When  the  stroma  of  a  carcinoma 
is  itself  of  new  formation  it  is  usually  free  from  elastic  fibers. 
2.  Newly  formed  elastic  fibers  may  occur  in  the  stroma, 
though  rarely,  and  they  are  likely  to  be  fine  in  quality  and 
small  in  number.  3.  The  tumors  in  which  newly  formed 
elastic  fibers  occurred  either  contained  a  large  amount  of 
connective  tissue  stroma  or  the  newly  formed  fibers  were  in 
connection  with  preexisting  elastic  elements  of  the  original 
parts. 

Hamilton 18  reports  a  case  of  fibro-sarcoma  of  the  brain  in 
which  there  was  a  large  amount  of  elastic  tissue  and  which 
she  believed  to  be  of  new  formation,  arising  from  the  walls  of 
the  blood  vessels  and  occurring  in  their  neighborhood. w 
She  also  examined  scirrhous  carcinomata  from  the  pancreas, 
mammary  gland,  and  liver  and  concluded  "  that  the  tumors 
containing  the  largest  numbers  of  elastic  fibers  are  those 
which  possess  a  stroma  comparatively  rich  in  connective 
tissue  cells."  She  states  that  "  Almost  all  of  the  scirrhous 
carcinomata  from  those  organs  which  were  examined  for  this 
purpose  were  found  to  contain  large  numbers  of  elastic  fibers, 
far  more  than  in  any  of  the  fibromata  examined.  The  fibers 
in  some  cases  seemed  to  come  from  preexisting  ones  around 
the  ducts  or  vessels,  but  were  far  more  abundant  than  in  nor- 
mal tissue  and  passed  from  these  regions  to  the  surrounding 
stroma.  This  was  especially  true  of  the  two  cases  of  cir- 
rhosis of  the  liver  originating  in  the  bile  duct  epithelium." 

It  would  seem  to  me  that,  at  least,  in  both  the  hepatic  and 
pancreatic  growths,  the  primary  condition  had  been  a  cir- 
rhosis, following  which  a  malignant  growth  had  developed. 
In  such  a  case  the  formation  of  the  elastic  fibers  would  have 
preceded  the  malignant  change. 
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In  a  report  of  a  transmitted  mouse  tumor  Bashford 15  in  his 
description  makes  the  statement  that  "  there  was  no  elastic 
tissue  present."  Such  a  case  would  seem  to  prove  quite 
conclusively  that  the  new  formation  of  elastic  fibers  was  by  no 
means  an  essential  part  of  the  growth. 

Tyzzer16  reports  a  case  of  primary  carcinoma  of  the  lung 
in  a  mouse,  in  which  growth  he  says  that  the  elastic  tissue 
was  present  in  larger  amount  than  in  the  normal  lung. 

Zieler 17  after  a  very  exhaustive  investigation  and  also  a 
review  of  the  work  of  others  comes  to  the  following  conclu- 
sions : 

1.  Elastic  fibers  are  almost  constantly  found  in  greater  or 
less  amount  between  the  cell  masses  of  skin  carcinomata. 

2.  New  formation  of  elastic  fibers  in  the  stroma  of  skin 
carcinomata  cannot  as  a  rule  be  demonstrated,  but  it  is  cer- 
tainly occasionally  observed  in  very  slowly  growing  carci- 
nomata. 

3.  Degenerative  changes  were  no  more  frequent  or 
marked  in  the  elastic  fibers  in  the  involved  region  than  in 
those  of  the  neighboring  skin,  and  never  if  they  were  lacking 
in  the  latter  region. 

Scheel 18  in  speaking  of  mammary  carcinomata  says  that 
new  formation  of  elastic  tissue  is  not  unusual,  particularly  in 
the  scirrhous  forms.  It  occurs  especially  in  the  walls  of  the 
ducts,  but  also  in  the  vessels  and  interstitial  tissue.  Also 
that  carcinoma  in  other  parts  can  show  an  increase  in  the 
elastic  tissue,  but  that  in  the  majority  of  instances  such  is  not 
the  case. 

With  the  one  exception  of  the  mouse  tumor  mentioned 
above  it  would  seem  that  an  examination  of  the  literature 
shows  that  the  formation  of  elastic  tissue  in  malignant 
growths  is  very  questionable.  Those  cases  in  which  it  has 
been  found  in  an  apparently  increased  amount  are  ones  in 
which  the  possibility  of  a  primary  cirrhosis  cannot  be  ruled 
out. 

In  none  of  the  sixty-five  specimens  examined  were  there 
any  indications  that  would  lead  one  to  suspect  that  there  had 
been  any  new  formation  of  elastic  tissue.     In  all  there  was 
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a  distinct  diminution  of  the  elastin  the  further  away  the  area 
was  from  the  periphery  of  the  growth. 

In  all  the  cases  there  could  be  found  very  fine  branching 
fibers,  as  a  rule  in  the  uninvolved  areas.  In  a  few  instances 
such  branchings  were  present  in  the  connective  tissue 
between  the  masses  of  tumor  cells.  They  generally  appeared 
as  the  splitting  off  of  a  small  fiber  from  a  larger. 

Many  of  the  specimens  also  showed  quite  plainly  the  mechan- 
ical effect  of  the  extension  of  the  growth.  At  its  periphery, 
particularly  well  shown  in  the  epitheliomata,  could  be  found 
strata  of  elastic  tissue  fibers  that  had  been  crowded  together. 
They  would  follow  the  contour  of  the  growth  and  when  the 
advancing  process  was  a  pointed  one  the  fibers  would  be 
seen  in  a  broken  condition  at  the  apex. 

The  ages  of  the  patients  from  whom  these  specimens  were 
taken  varied  in  thirty-five  instances  from  nineteen  to  seventy- 
seven.  In  the  younger  ones  the  changes  found  were  those 
supposed  to  be  characteristic  of  senile  atrophy. 

In  six  of  the  thirteen  cases  of  rodent  ulcer  the  duration  of 
the  condition  was  ascertained.  The  most  recent  was  of  five 
years  standing,  the  oldest  twenty-four.  No  definite  relation- 
ship between  the  duration  and  the  amount  of  elastic  tissue 
could  be  shown.  In  the  three-year  case  there  was  more 
elastin  than  in  any  of  the  others,  while  in  one  of  fourteen 
years  there  was  a  large  amount  of  connective  tissue  but  only 
a  very  few  small  fragments  of  elastin. 

Although  the  degeneration  of  the  elastic  tissue  may  have 
a  bearing  upon  the  formation  of  new  growths  nothing  has 
been  found  in  the  above  cases  that  allows  of  definite  con- 
clusions being  drawn.  The  impression  gained  is  that  in  the 
region  of  the  growth  itself  most  of  the  changes  are  mechan- 
ical, but  fragmentation  of  the  elastic  fibers  was  found  in  what 
was  otherwise  apparently  normal  tissue. 

The  conclusions  that  seem  warranted  are : 

1.  That  the  formation  of  new  elastic  tissue  does  not  com- 
monly occur  in  new  growths. 

2.  That  there  is  a  distinct  degeneration  of  elastic  tissue, 
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with  in   some    cases  the  formation   of  elacin  in    malignant 
growths. 

3.  That  the  degeneration  of  elastic  tissue  in  old  age  is 
one  of  the  preliminary  processes. 

4.  That  the  majority  of  cases  in  which  there  has  been 
new  formation  of  elastic  tissue  are  those  in  which  there  may 
have  been  a  preceding  cirrhosis. 
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DESCRIPTION  OF  PLATE. 

Fig.  1.  —  Probable  blood  vessel  obstructed  by  carcinomatous  tissue,, 
elastic  tissue  present  as  a  tortuous  ring.  Adenoma  malignum  of  6tomach. 
x  300. 

Fig.  2.  —  Acinus  showing  beginning  carcinomatous  change.  Elastic 
tissue  in  wall.     Carcinoma  of  mammary  gland,     x  115. 

Fig.  3. — Advancing  papillary  process  in  an  epithelioma  of  the  skin 
shoving  elastic  tissue  before  it.     x  300. 
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ABSORPTION   FROM  THE    PERITONEAL   CAVITY.* 

Part  VI. 

B.  H.  Buxton. 

{From  the  Department  of  Experimental  Pathology,  Loom  is  Laboratory,  Cornell 

University  Medical  College,  New  York,) 

This  paper  deals  with  a  continuation  of  earlier  studies,1 
more  particularly  of  Part  II. ,  in  which  absorption  of  typhoid 
bacilli  from  the  peritoneal  cavity,  and  the  distribution  of  the 
bacilli  in  the  blood  and  organs,  were  considered. 

In  the  present  work  an  attempt  has  been  made  to  deter- 
mine the  number  of  typhoid  bacilli  present  in  the  blood  of  a 
rabbit  at  varying  intervals  after  injection  into  the  peritoneal 
cavity,  the  animal  being  sacrificed  after  four  days,  and  the 
bacilli  still  remaining  alive  in  the  peritoneum  and  organs 
estimated. 

Methods.  —  Normal  rabbits  of  about  five-pound  weight 
were  used,  the  dose  being  one-half  of  an  agar  culture  of 
typhoid  bacilli,  approximately  four  thousand  million  bacilli. 
At  various  intervals  after  injection  one  cubic  centimeter  of 
blood  was  drawn  from  the  ear,  the  drops  of  blood  being 
allowed  to  fall  into  one  cubic  centimeter  of  sterilized  ox  bile ; 
twenty- two  drops  are  approximately  one  cubic  centimeter. 
The  ox  bile  prevents  coagulation  of  the  blood,  and  not  only 
has  no  bactericidal  properties  of  itself,  but  inhibits  the  bac- 
tericidal action  of  the  drawn  blood.  The  mixture  of  bile 
and  blood  is  plated  out  in  agar,  and  the  number  of  bacilli 
per  cubic  centimeter  of  blood  estimated  from  the  colonies. 

In  previous  experiments  (Part  II.)  it  was  found  that  an 
injection  of  half  an  agar  culture  of  the  strain  of  typhoid 
used  was  not  often  fatal,  but  in  the  present  series  with  the 
same  strain  the  mortality  has  been  much  greater.  No  doubt 
this  increased  mortality  is  principally  due  to  the  successive 
bleedings  just  after  inoculation,  but  I  have  also  been  led  to 
the  conclusion   that  the  larger  five-pound    rabbits  used  for 

•Received  for  publication  Nov.  26,  1906. 

(17) 


I 

I 


ABSORPTION    FROM  THE    PERITONEAL   CAVITY,* 

Part  VI. 

B.  H.  Buxton. 
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In  the  present  work  an  attempt  has  been  made  to  deter- 
mine the  number  of  typhoid  bacilli  present  in  the  blood  of  a 
rabbit  at  varying  intervals  after  injection  into  the  peritoneal 
cavity,  the  animal  being  sacrificed  after  four  days,  and  the 
bacilli  still  remaining  alive  in  the  peritoneum  and  organs 
estimated. 

Methods.  —  Normal  rabbits  of  about  five-pound  weight 
were  used,  the  dose  being  one-half  of  an  agar  culture  of 
typhoid  bacilli,  approximately  four  thousand  million  bacilli. 
At  various  intervals  after  injection  one  cubic  centimeter  of 
blood  was  drawn  from  the  ear,  the  drops  of  blood  being 
allowed  to  fall  into  one  cubic  centimeter  of  sterilized  ox  bile ; 
twenty- two  drops  are  approximately  one  cubic  centimeter. 
The  ox  bile  prevents  coagulation  of  the  blood,  and  not  only 
has  no  bactericidal  properties  of  itself,  but  inhibits  the  bac- 
tericidal action  of  the  drawn  blood.  The  mixture  of  bile 
and  blood  is  plated  out  in  agar,  and  the  number  of  bacilli 
per  cubic  centimeter  of  blood  estimated  from  the  colonies. 

In  previous  experiments  (Part  II.)  it  was  found  that  an 
injection  of  half  an  agar  culture  of  the  strain  of  typhoid 
used  was  not  often  fatal,  but  in  the  present  series  with  the 
same  strain  the  mortality  has  been  much  greater.  No  doubt 
this  increased  mortality  is  principally  due  to  the  successive 
bleedings  just  after  inoculation,  but  I  have  also  been  led  to 
the  conclusion   that  the  larger  five-pound   rabbits  used  for 

•Received  for  publication  Nov.  26,  1906. 
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these  experiments  are  somewhat  more  susceptible  to  the 
immediate  effects  of  peritoneal  infection  than  the  smaller 
three  to  four  pound  rabbits  used  previously.  There  appears 
to  be  a  critical  time,  about  two  hours  after  inoculation,  at 
which  the  rabbit  is  very  likely  to  die  from  the  toxic  action 
of  the  bacilli  introduced.  If  this  critical  period  is  passed, 
the  animal  is  likely  to  recover,  although  it  may  die  in  about 
twenty-four  hours.  In  the  latter  case  death  is  probably  due 
to  multiplication  of  the  bacilli,  and  cumulative  toxic  action, 
although  a  marked  increase  in  the  number  of  bacilli  cannot 
always  be  demonstrated.  It  was  shown  previously  that  after 
intraperitoneal  injection,  the  bacilli  very  rapidly  reach  the 
blood  in  immense  numbers,  and  then  rapidly  disappear  from 
it,  although  the  process  was  not  demonstrated  in  any  individ- 
ual animal,  as  has  been  done  in  the  experiments  detailed  in 
the  accompanying  Table  I. 


Table  I. 

Estimated  number  of  bacilli  per  cubic  centimeter  of  blood  at  varying"  intervals  after 
injection  of  approximately  four  thousand  millions  of  typhoid  bacilli  into  the  peritoneal 
cavity.    Results  with  five  rabbits  which  survived  the  inoculations. 


Time. 

Rabbits. 

Approxi- 
mate 

No.  1. 

No.  2. 

No  3. 

1 

No.  4.      j      No.  5. 

Averages. 

5  minutes.. 
30        " 

a  hours  .... 
4      «•      .... 

6  "      .... 

a             .... 
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0 
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70 

10 

? 
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? 
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15,000 
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i,  200 
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aoo 

5 

?S 

?5o 

0 

20,000 
30,000 

35o 
300 
150 
70 
?*> 
> 

• 

? 
7 

Sick  on 

second 

day. 

Suffered 
little  at  first. 
Sick  on 
second  day. 

Very  sick  in 
two  hours. 
Lost  much 
weight. 

Did  not 
suffer  at 
all. 

Suffered 
little. 
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Table  I.  confirms  the  previous  observations  that  the  bacilli 
very  rapidly  reach  the  circulation,  from  which  they  shortly 
disappear  again  to  a  great  extent.  The  remarkable  differ- 
ence between  the  numbers  in  the  circulation  at  thirty  minutes 
and  one  hour  is  worthy  of  note.  After  the  first  hour  the 
decrease  is  more  gradual.  The  figures  for  one,  two,  and 
three  days  are  not  very  reliable,  since  it  has  been  found 
impossible  at  these  periods  to  avoid  a  considerable  degree  of 
contamination,  but  the  figures  for  four  days  are  approxi- 
mately correct  since  the  blood  was  then  taken  from  the 
carotid.  When  the  ear  is  first  shaved  and  washed  it  can  be 
sufficiently  sterilized  to  reduce  contamination  by  skin  cocci 
to  a  negligible  quantity,  but  it  appears  that  the  blood  clots 
which  are  unavoidably  left  on  the  ear  over  night  permit  of 
multiplication  of  skin  cocci  to  such  an  extent  that  the  ear 
cannot  again  be  properly  sterilized,  and  the  colonies  of  con- 
tamination may  so  largely  exceed  those  of  typhoid  bacilli 
that  it  is  often  difficult  to  determine  the  actual  numbers  of 
the  latter  even  approximately. 

Since  the  numbers  of  bacilli  in  the  blood  vary  so  much 
from  one  animal  to  another,  the  averages  given  in  the  last 
column  of  the  table  convey  little  meaning  except  in  a  very 
general  way.  The  higher  average  in  thirty  minutes  over  five 
minutes  is  mainly  due  to  Rabbit  No.  4,  and  is  completely 
reversed  in  Table  II.,  which  gives  the  results  with  rabbits 
which  succumbed,  but  both  tables  show  the  decided  drop  in 
the  number  of  bacilli  between  thirty  minutes  and  one  hour. 
Only  in  two  instances  in  Table  II.  are  there  considerable 
numbers  of  bacilli  in  the  blood  at  one  hour.  The  other  four 
rabbits  show  approximately  the  same  numbers  at  one  hour 
as  those  which  survived. 
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Table  II. 

Estimated  number  of  bacilli  per  cubic  centimeter  of  blood  at  varying  intervale  after 
injection  of  approximately  four  thousand  millions  of  typhoid  bacilli  into  the  peritoneal 
cavity.     Results  with  six  rabbits  which  succumbed  to  the  inoculations. 


■ 

Rabbits. 

Time. 

Approximate 
Averages. 

No.  6. 

No.  7. 

No.  8. 

No.  9. 

No.  10. 

No.  11. 

5  minutes 

5,000 

75.000 

100,000 

300,000 

50,000 

100,000 

100,000 

30     " 

1,500 

10,000 

*3.5oo 

40,000 

30,000 

?I,0OO 

30,000 

1  hour . . . 

150 

500 

1,000 

35,000 

5.000 

300 

6,000 

3  hours  . . 

100 

600 

t 

t 

3,500 

t 

1,000 

4 
6     " 

30 

350 

t 

3,000 

?750 

? 

5»ooo 
15,000 

t 

? 

r 

9  hours. 

t 

5  hours. 

t 

1 1  hour. 

t 
3  hours. 

Dying  in 

34  hours. 

Killed. 

t 
1 J  hour. 

fDied. 

Observations  on  Table  II. 

Rabbits  6  and  7  died  respectively  in  nine  and  five  hours.  Death  at  these 
periods  has  not  been  observed  with  animals  kept  quiet  after  inoculation,  and  was 
probably  accelerated  by  the  rough  handling  incidental  to  the  bleeding.  As 
already  remarked,  two  hours  and  twenty-four  hours  are  approximately  the  usual 
critical  periods  at  which  a  rabbit  may  die.  Rabbit  10  shows  a  much  larger 
number  of  bacilli  in  the  blood  at  one  hour  and  later  than  any  of  the  others. 
This  may  be  due  to  the  fact  that  a  different  and  more  virulent  strain  of  typhoid 
was  used  for  the  inoculation. 


Distribution  of  the  bacilli.  —  After  four  days  the  rabbits 
which  survived  were  bled  from  the  carotid  and  the  relative 
numbers  of  bacilli  still  alive  in  the  peritoneal  cavity  and 
organs  were  estimated  according  to  the  methods  described  in 
Part  II. 

Table  III.  shows  the  results  obtained.  The  autopsies  on 
these  rabbits  have  always  shown  the  spleen  to  be  consider- 
ably enlarged,  and  the  omentum  thickened  and  covered  with 
pus  spots.  Otherwise  gross  lesions  have  not  been  obvious, 
although  the  marrow  may  show  signs  of  unusual  activity. 
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Table  III. 

Colonies  of  typhoid  bacilli  on  agar  plates  made  from  the  various  organs.  The  spleen  is 
taken  as  a  unity  and  pieces  of  the  other  organs  of  approximately  the  same  site,  each  piece 
being  rubbed  doxtm  with  fifteen  cubic  centimeters  of  salt  solution ,  and  one  cubic  centimeter 
plated  out. 
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Table  III.  shows  that  the  relative  numbers  of  bacilli  in 
the  spleen  are  considerably  higher  than  in  the  liver.  This 
corresponds  with  previous  observations  at  sixteen,  twenty- 
four,  and  forty-eight  hours ;  reversing  the  relations  of  these 
two  organs  as  compared  with  the  first  few  hours  after  inocu- 
lation, during  which  the  numbers  in  the  liver  usually  greatly 
exceed  those  in  the  spleen.  The  number  of  bacilli  in  the 
upper  anterior  fnediastinal  lymph  nodes,  through  which,  as 
was  previously  shown  (Part  III.)  the  bacilli  pass  on  their 
way  to  the  circulation,  is  still  very  considerable. 

It  seems  that  the  bacilli  tend  to  collect  in  the  lympho- 
poietic organs,  where  they  may  remain  alive  for  a  consider- 
able time.  Our  sections  (Part  III.)  show  that  in  an  hour 
or  two  after  injection  indigestible  particles  and  bacteria  in 
the  lymph  nodes  are  practically  all  contained  in  the  phago- 
cytes, principally  macrophages.  It  would  appear  probable, 
therefore,  that  the  phagocytes  must  digest  bacteria  very 
slowly. 

Table  IV.  gives  the  relative  numbers  of  bacilli  in  the 
organs  of  five  rabbits  which  succumbed.  Rabbit  6  died 
late  in  the  evening  and  was  not  tested. 
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The  organs  and  peritoneal  cavities  of  these  five  rabbits 
contain  large  numbers  of  living  bacilli,  although  a  rough 
calculation  shows  that  only  a  small  proportion  of  the  entire 
dose  inoculated  can  be  accounted  for.  It  seems  probable 
that  immense  numbers  of  the  bacilli  injected  have  been 
rapidly  destroyed,  thus  accounting  for  the  early  deaths  from 
intoxication.  This  statement  applies  to  Rabbit  10  (twenty- 
four  hours)  so  far  as  the  organs  are  concerned,  but  in  the 
peritoneal  cavity  itself  there  has  been  an  enormous  increase 
of  the  bacilli.  The  significance  of  these  findings  will  be  dis- 
cussed in  the  next  section  (VII.)  of  this  work. 


Table  IV. 

Colonics  of  typhoid  bacilli  on  agar  plaUs  made  from  the  various  organs.    Five  rabbits 
which  succumbed  to  ths  inoculations. 
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Bactericidal  power  of  the  serum.  —  Attention  has  pre- 
viously 2  been  drawn  to  the  fact  that  after  one  or  two  injec- 
tions of  living  typhoid  bacilli  the  serum  becomes  more 
bactericidal  than  the  serum  of  a  normal  rabbit,  but  on  still 
further  immunizing  the  animal,  its  serum  rapidly  loses  in 
bactericidal  power,  and  after  a  time  is  no  longer  bactericidal 
at  all.  It  has  been  found  with  this  series  of  rabbits  that  in 
four  days  after  the  single  injection  the  serum  is  distinctly 
more  bactericidal  than  normal.  Table  V.  gives  the  averages 
of  tests  of  the  five  rabbits  killed  four  days  after  the  inocula- 
tion. The  fresh  serum  of  a  normal  rabbit  was  tested  in  each 
case  against  that  of  the  inoculated  one. 
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Table  V. 


Bactericidal 


tericidal  tower  of  frtsh  serum  four  days  after  intraperitoneal  injection  of  typhoid 
bacilli.  In  each  tube  two  cubic  centimeters  of  diluted  serum ,  two  drops  of  broth,  and  four 
drops  of  emulsion  of  typhoid  bacilli.  After  five  hours  five  drops  of  the  fluid  are  plated 
out  in  agar  and  the  colonies  counted  next  day.    Averages  of  five  tests. 


Colonies  of  typhoid 
bacilli  from  5  drops 
oi  fluid  in  5  hours. 
Averages  of  5  tests. 
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Controls.  — Two  cubic  centimeters  salt  solution,  two  drops  of  broth,  and  four  drops  of 
emulsion  of  typhoid  bacilli. 
Average  colonies  in  five  drops  of  fluid : 

At  once,  4*000. 

In  five  hours,  io-ao,ooo. 

In  connection  with  the  serum  it  may  here  be  noticed  that 
the  bacteriolytic  power  of  normal  rabbit  serum  seems  to 
vary  inversely  as  the  square  of  the  dilution.  In  a  series  of 
earlier  experiments  it  was  found  that  fresh  undiluted  normal 
rabbit  serum  might  be  expected  to  kill  about  one  million 
typhoid  bacilli  per  cubic  centimeter.  If  two  million  bacilli 
were  added  to  one  cubic  centimeter  of  serum  more  than  a 
million  would  be  killed,  but  usually  some  bacilli  would  be 
left  alive  and  multiply  so  that  in  twenty-four  hours  the  serum 
would  be  swarming  with  bacilli.  In  a  later  series  of  experi- 
ments with  diluted  normal  serum  it  has  been  observed  that  a 
dilution  of  one  to  ten  acts  in  much  the  same  way  as  undiluted 
serum  treated  with  two  million  bacilli.  That  is  to  say,  the 
bacilli  are  not  often  all  killed.  Now  in  this  later  series  the 
number  of  bacilli  added  to  each  cubic  centimeter  of  fluid  has 
been  about  twenty  thousand  on  an  average,  and  20,000  X  103 
=  2,000,000. 

One  cannot  speak  definitely,  but  the  results  of  a  large 
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number  of  tests  indicate  very  strongly  that  the  bactericidal 
action  of  the  serum  varies  inversely  as  the  square  of  the 
dilution.  Or,  to  put  the  case  simply  —  One  cubic  centimeter 
of  serum,  diluted  one  to  ten,  kills,  not  one-tenth  the  number 
of  bacilli  which  one  cubic  centimeter  of  undiluted  serum  will 
kill,  but  only  one  one-hundredth  of  that  number. 

The  literature  on  the  subject  of  absorption  from  the  peri- 
toneal cavity  was  largely  dealt  with  in  previous  sections  of 
this  series  of  papers  and  need  not  be  referred  to  again,  but  a 
recent  work  by  Rodet  and  Delanoe8  calls  for  some  com- 
ment. These  authors  discuss  the  question  of  experimental 
typhoid  fever  and  maintain  that  there  is  a  radical  -difference 
between  intravenous  and  intraperitoneal  injection.  After 
intravenous  injection  of  a  fatal  dose  the  bacilli  are  destroyed 
in  great  numbers  and  death  ensues  without  any  obvious 
secondary  multiplication  of  the  bacilli.  In  this  case  there  is 
intoxication.  After  intraperitoneal  injection  the  process  is 
localized,  and  death  is  caused  by  local  multiplication  of  the 
bacilli.  The  authors  admit,  however,  that  some  bacilli  may 
find  their  way  into  the  circulation  after  intraperitoneal  injec- 
tion, but  they  do  not  regard  this  as  a  true  systemic  infection 
such  as  is  caused  by  intravenous  inoculation. 

Their  assumption  that  there  is  a  radical  difference  in  the 
results  after  each  kind  of  inoculation  does  not  seem  to  be 
justified  in  the  light  of  the  experiments  detailed  here.  Both 
in  the  present  and  previous  communications  it  has  been 
clearly  shown  that  injection  into  the  peritoneal  cavity  induces 
an  almost  immediate  systemic  infection,  at  any  rate  if  the 
dose  is  large,  and  Rodet  and  Delanoe  used  very  large  doses. 

A  later  paper  will  deal  with  the  results  obtained  after 
injection  of  comparatively  small  doses  of  bacilli,  and  a  dis- 
cussion of  the  bearing  which  these  experiments  have  upon 
the  question  of  peritonitis  in  the  human  subject  will  be 
reserved  for  the  present. 
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Part  VII. — The  effect  of  minimal  doses  of  bacteria 

AND    THE     BEARING   OF    THE    EXPERIMENTS   UPON    THE 
QUESTION   OF   PERITONITIS. 

B.  H.  Buxton. 

{Department  of Experimental  Pathology \  Loo  mis  Laboratory,  Cornell  University 

Medical  College,  New  York.) 

In  experiments  described  in  previous  sections  of  this 
study,  injections  into  the  peritoneal  cavity  of  rabbits  were 
made  with  typhoid  bacilli  in  very  large  doses,  about  one- 
half  of  an  agar  culture  being  used  for  each  inoculation. 
After  such  large  doses  it  was  found  that  the  bacilli  almost 
immediately  reach  the  blood  in  immense  numbers  by  way  of 
the  lymphatics  of  the  diaphragm,  which  communicate  with 
the  lymphatic  trunks  of  the  anterior  mediastinum. 

The  work  has  been  extended  in  the  direction  of  minimiz- 
ing the  doses  given,  and  of  determining  if  the  results  obtained 
with  typhoid  bacilli  apply  equally  well  to  other  kinds  of  bac- 
teria. It  has  in  fact  been  found  possible  to  recover  the 
bacteria  from  the  blood,  anterior  mediastinal  iymph  nodes 
and  liver  within  ten  to  fifteen  minutes  after  intraperitoneal 
inoculation  of  doses  so  low  as  approximately  fifty  thousand 
to  a  hundred  thousand  living  bacteria.  Organs  other  than 
the  liver  contain  so  few  bacteria  after  these  minimal  doses 
that  they  have  been  left  out  of  account  in  making. up  the 
tables.  It  may  be  taken  for  granted  that  the  liver  is  the  only 
internal  organ  in  which  microorganisms  are  likely  to  be 
detected  under  these  conditions.  On  the  other  hand,  it  is 
important  to  include  the  anterior  mediastinal  lymph  nodes, 
since  it  is  through  the  lymphatic  system  of  the  anterior 
mediastinum  that  bacteria  find  their  way  from  the  peritoneum 
to  the  blood  current. 

•Received  for  publication  Jan.  30, 1907. 
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METHODS. 

1.  The  dose.  —  A  twenty-hour  agar  culture  of  the  micro- 
organism to  be  used  for  injection  is  suspended  in  salt  solution 
and  diluted  as  required,  five  cubic  centimeters  of  diluted 
suspension  being  always  used  for  each  inoculation.  That 
portion  of  the  culture  dilution  not  used  for  inoculation  is 
further  diluted  in  test-tubes  and  agar  plates  made  from  the 
various  tubes.  In  this  way  the  number  of  bacteria  used  for 
inoculation  can  be  approximately  calculated.  Details  of  the 
methods  may  be  found  in  Part  II.  of  this  work. 

2.  The  blood.  —  Immediately  after  inoculation  the  rabbit 
is  etherized  and  bled  from  the  carotid,  five  cubic  centimeters 
of  the  blood  being  run  into  five  cubic  centimeters  of  ox  bile. 
The  bile  prevents  coagulation  of  the  blood,  and  plates  made 
from  the  mixture  afford  an  estimate  of  the  number  of  bac- 
teria per  cubic  centimeter  of  the  blood.  Not  more  than  ten 
minutes  elapses  between  the  inoculation  and  taking  the  sam- 
ple of  blood.  It  has  been  found  in  previous  experiments 
with  typhoid  bacilli  that  the  blood  contains  more  bacilli 
during  the  first  half  hour  after  intraperitoneal  inoculation 
than  at  any  time  thereafter,  the  maximum  number  being 
usually  found  between  five  and  fifteen  minutes  after  injection. 
The  total  number  of  bacteria  in  the  blood  is  roughly  esti- 
mated according  to  the  size  of  the  animal,  rabbits  of  about 
three  pounds  weight  being  used.  There  are  approximately 
one  hundred  cubic  centimeters  of  blood  in  each  animal  of 
this  size. 

3.  The  peritoneal  cavity  is  washed  out  and  the  number  of 
bacteria  remaining  alive  and  free  in  the  cavity  is  estimated 
according  to  methods  described  in  Part  II. 

4.  The  upper  anterior  mediastinal  lymph  nodes  are 
picked  out  and  rubbed  down  with  ten  cubic  centimeters  of 
salt  solution ;  one  cubic  centimeter  being  plated  out.  The 
total  number  of  bacteria  in  the  nodes  is  estimated  from  the 
colonies  on  the  plates. 

5.  The  liver  is  taken  out  and  about  two  grams  rubbed 
down  in  ten  cubic  centimeters  of  salt  solution,  of  which  one 
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cubic  centimeter  is  plated  out.  This  amount  of  the  emul- 
sion represents  approximately  the  three  hundredth  part  of 
the  liver  for  one  plate.  The  colonies  on  the  plate  are  there- 
fore multiplied  by  three  hundred  in  order  to  estimate  the 
total  number  of  bacteria  in  the  liver  as  given  in  the  tables : 
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Experiments  with  anthrax  and  cholera  were  unsuccessful. 
The  tables  show  very  clearly  that  some  of  the  bacteria 
injected  into  the  peritoneal  cavity,  even  in  minimal  amounts, 
almost  immediately  find  their  way  into  the  circulation. 
Roughly  speaking,  about  fifty  to  sixty  per  cent  of  the  total 
number  injected  can  generally  be  demonstrated  as  remaining 
alive  and  free  in  the  peritoneal  cavity,  and  about  two  to  five 
per  cent  in  the  blood,  anterior  mediastinal  lymph  nodes  and 
liver.  Owing  to  unavoidable  imperfections  in  the  methods 
employed,  this  statement  can  only  be  represented  as  afford- 
ing a  measure  of  the  "  order "  of  the  systemic  invasion. 
No  approach  to  actual  correctness  of  the  individual  figures 
can  be  claimed.  Of  the  forty  per  cent  of  the  bacteria 
injected  which  cannot  be  accounted  for,  some  are  no  doubt 
distributed  among  the  other  organs  in  small  amounts,  some 
may  already  have  been  killed,  but  it  seems  probable  that  the 
greater  portion  are  already  fixed  upon  the  omentum ;  partly 
sticking  to  its  surface,  and  partly  contained  in  the  phagocytes 
(macrophages)  which  are  normally  present  in  the  peritoneal 
cavity,  and  become  massed  upon  the  omentum  immediately 
.  'after  the  introduction  of  foreign  matter.  Microscopical 
examination  of  the  omentum  confirms  this  view,  and  there 
seems  to  be  little  doubt  that  the  omentum  plays  an  impor- 
tant part  in  the  disposition  of  bacteria  introduced  into  the 
peritoneal  cavity  by  intercepting  the  rush  to  the  diaphragm, 
but  this  aspect  of  the  question  will  not  be  discussed  further 
at  present  (see  Parts  IV.  and  V.  of  this  series  of  articles). 
The  bacteria  made  use  of  in  these  experiments  are  such  as 
can  be  easily  demonstrated  by  plating  methods.  The 
streptococcus  and  pneumococcus  were  not  tested,  but  Wall- 
gren  found  them  in  the  blood  in  ten  to  sixty  minutes  after 
intraperitoneal  injection  of  streptococci,  and  Jensen  demon- 
strated the  same  with  pneumococci.  It  may  therefore 
be  taken  for  granted  that  systemic  invasion  after  intra- 
peritoneal injection  into  rabbits  is  a  universal  rule  for  all 
bacteria,  and  the  same  may  probably  be  said  of  any  inert 
matter  in  fine  suspension. 
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THE   BEARING  OF    THE  EXPERIMENTS    UPON  THE    QUESTION 

OF   PERITONITIS. 

In  addition  to  these  experiments  with  rabbits  some  have 
also  been  made  upon  guinea-pigs  with  similar  results,  but 
it  would  be  unnecessary  to  give  them  in  detail.  It  may  also 
be  mentioned  that  Muscatello  and  others  have  shown  that 
carmine  and  various  inert  particles  injected  intraperitoneally 
into  dogs  reach  the  anterior  mediastinal  lymph  nodes  very 
rapidly.  It  is  not  often  safe  to  argue  from  the  experimental 
animal  to  the  human  subject,  but  it  appears  probable  that 
rapid  absorption  of  bacteria  or  particles  from  the  peritoneal 
cavity  through  the  lymph  channels  of  the  diaphragm  is  of 
universal  occurrence  in  mammals.  Rajewski  indeed  has 
shown  that  the  lymphatics  of  the  excised  human  diaphragm 
will  absorb  particles  of  Indian  ink  and  carmine  with  great 
rapidity.  Allowing,  therefore,  that  the  observation  is  of  gen- 
eral occurrence  the  experiments  detailed  here  seem  to  have 
some  bearing  on  the  question  of  peritonitis  and  its  operative 
treatment. 

Having  had  no  clinical  experience  I  can  speak  with  no 
authority  on  the  subject,  but  have  merely  attempted  to  select 
from  the  literature  the  opinions  of  a  few  of  the  more  promi- 
nent writers,  and  discuss  their  views  in  connection  with  these 
experiments  on  rabbits.  The  clinician  will  be  able  to  fill  in 
the  gaps  for  himself. 

The  bacteriology  of  peritonitis. — Veillon  and  Zuber  and  more 
recently  Ghon  and  Much  very  constantly  found  certain  bacteria  of  a 
strictly  anaerobic  nature  in  foul  smelling  abscesses  of  the  peritoneum,  and 
concluded  that  these  frequently  take  a  prominent  part  in  the  causation  of 
peritonitis,  but  most  investigators,  Hewetson,  Dudgeon  and  Sargent 
for  example,  have  been  quite  unable  to  confirm  these  observations,  and 
do  not  consider  that  anaerobic  organisms  are  of  any  significance  in  peri- 
tonitis. In  the  opinion  of  these  authors  B.  coli  communis,  8.  pyocya- 
neus,  streptococci  and  pneumococci  are  the  chief  agents  in  severe  and 
fatal  cases. 

Gonococci  are  said  to  be  comparatively  harmless,  though  fatal  cases 
have  been  known  to  occur,  dishing  concludes  that  "  Gonococcic  peri- 
tonitis, although  it  may  occur,  more  commonly  in  females,  runs  a  benign 
course  and  seldom  comes  to  the  surgeon  in  its  acute  state."    Infection  by 
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the  staphylococcus  pyogenes  aureus  is  uncommon  except,  according  to 
Flexner,  in  cases  due  to  wound  infection,  exogenous  peritonitis,  as 
opposed  to  infection  from  the  intestinal  tract,  endogenous  peritonitis. 

Dudgeon  and  Sargent  lay  great  stress  on  the  importance  of  the  staphy- 
lococcus albus  in  peritonitis  on  account  of  its  protective  action.  Of  itself 
Staphylococcus  pyogenes  albus  is  innocuous,  but  when,  as  is  frequently  the 
case,  it  is  associated  with  more  virulent  organisms,  it  actually  serves  as  a 
protection  by  exciting  leucocytosis.  In  the  absence  of  the  Staphylococcus 
pyogenes  albus  the  prognosis  according  to  these  authors  is  less  favorable. 
Of  virulent  organisms,  the  streptococcus  and  the  pneumococcus  are  the 
most  dangerous.  There  is  little  or  no  formation  of  pus,  and  seldom  any 
effective  localization.  Dudgeon  and  Sargent  question  whether  there  is  ever 
recovery  from  a  pure  streptococcic  peritonitis.  In  the  great  majority  of 
perforative  cases  B.  coli  communis  is  the  chief  infective  agent,  and  with  this 
organism  there  is  ordinarily  a  more  or  less  successful  effort  at  localization 
with  pus  formation,  and  the  peritonitis  is  not  so  liable  to  become  gen- 
eralized as  with  the  streptococcus.  Infection  by  S.  pyogenes  aureus  and 
B.  pyocyaneus  is  infrequent,  but  broadly  speaking,  B.  pyocyaneus  may  be 
considered  somewhat  more,  and  S.  pyogenes  aureus  somewhat  less 
virulent  than  B.  coli  communis.  Mixed  infections  naturally  often  occur, 
and  the  virulence  of  a  bacillus  or  coccus  varies  within  wide  limits,  so  that 
the  above  statements  must  not  be  taken  too  literally. 

TWO    CONSIDERATIONS    IN  THE    OPERATIVE    TREATMENT    OF 

PERITONITIS. 

A.  Posture:  Clarke,  1898,  realizing  that  absorption  of 
fluids  from  the  peritoneal  cavity  takes  place  very  rapidly 
through  the  lymphatics  of  the  diaphragm,  recommended 
raising  the  pelvis  after  peritoneal  operation  with  the  object 
of  assisting  the  natural  drainage  from  the  cavity.  But  this 
procedure  has  not  been  found  beneficial,  and  the  tendency 
now  is  to  lower  rather  than  to  raise  the  pelvis.  Murphy 
keeps  his  patients  in  a  semi-sitting  posture,  at  an  angle  of 
thirty-five  to  forty  degrees,  both  before  and  for  several  days 
after  operation.  The  semi-sitting  Fowler  position  is  to-day 
in  frequent  use. 

B.  Irrigation :  There  seems  to  be  at  present  a  decided 
reaction  against  the  formerly  universal  practice  of  irrigat- 
ing the  peritoneal  cavity  as  thoroughly  as  possible  after 
laparotomy  for  inflammatory  conditions.  Symonds  writes  in 
regard  to  operation  for  peritonitis  with  perforation :  "  Since  I 
have  adopted  the  plan  of  free  incision,  dry  mopping   and 
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drainage,  the  results  have  greatly  improved.  In  borderland 
cases  operated  upon  on  the  fifth  or  sixth  day  I  am  certain 
that  flushing  will  turn  the  scale  to  a  fatal  issue." 

Murphy  reported  six  cases  of  recovery  after  typhoid  per- 
foration, in  none  of  which  irrigation  was  practised.  Murphy's 
view  is  that  bacteria  multiplying  in  the  cavity  destroy  the 
epithelial  lining  of  the  peritoneum  so  that  absorption  of 
toxic  products  takes  place.  So  long  as  the  epithelium  is 
intact  there  is  little  or  no  absorption.  After  irrigation  the 
bacteria  are  likely  to  become  generalized  so  that  4a  larger  sur- 
face of  the  peritoneum  is  liable  to  be  denuded  of  epithelium. 
The  semi-sitting  position  is  also  a  help  since  absorption  does 
not  take  place  so  readily  from  the  lower  parts  of  the  abdomi- 
nal cavity  as  from  the  upper,  "  and  the  patients  are  saved 
from  the  primary  overwhelming  dose  of  toxins  which  is  so 
fatal."  Dudgeon  and  Sargent  also  urge  very  strongly  against 
irrigation  as  a  rule.  According  to  their  views,  with  a  strepto- 
coccus infection  the  generalization  is  so  rapid  that  washing 
out  is  the  best  procedure,  but  it  is  doubtful  if  there  is  ever 
recovery  from  such  an  infection.  Usually  B.  coli  communis 
is  the  infective  agent  and  this  tends  to  become  localized. 
Flushing  is  apt  to  generalize  the  infection  and  also  washes 
out  the  phagocytes.  "  Pus  in  the  cavijy  appears  to  the  sur- 
geon as  something  to  be  washed  away,"  but  it  is  precisely  in 
the  pus  that  there  is  protective  action  due  to  the  innumerable 
phagocytes  which  it  contains.  Dry  sponging  is  better  than 
irrigation.  Delbet  removes  the  appendix  and  leaves  the  pus. 
The  appendix  is  the  laboratory,  and  when  this  is  removed  the 
supply  of  microorganisms  is  cut  off,  the  phagocytes  present 
in  the  pus  making  short  work  of  the  bacteria  already  present. 
Since  abandoning  irrigation  he  has  had  much  better  results. 

Bond,  in  the  opening  paper  of  "  A  discussion  on  acute 
septic  peritonitis,"  at  the  recent  meeting  of  the  British  Medical 
Association  in  Toronto  summarizes  these  views  as  follows : 
"  It  is  in  fact  on  the  integrity  of  the  endothelial  and  phago- 
cytic defence  that  the  safety  of  the  patient  depends ;  for  if 
this  breaks  down,  either  from  failure  to  react  to  the  poison, 
or  from  loss  of  phagocytes  by  unwise  irrigation,  or  by  injury 
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to  the  endothelium  by  rough  handling  on  the  part  of  the 
surgeon,  then  the  vascular  channels  of  absorption  are  laid 
directly  open,  toxins  enter  the  blood  stream  in  overpowering 
doses  and  the  patient  succumbs  from  septic  intoxication." 

In  the  light  of  the  experiments  on  rabbits  the  soundness 
of  the  argument  against  the  irrigation  and  the  probable  bene- 
fits of  the  semi-sitting  position  will  be  at  once  recognized, 
but  none  of  the  authors  mentioned  seem  to  have  grasped 
the  main  significance  of  the  situation.  Unquestionably  the 
generalization  of  microorganisms  in  the  cavity  is  highly 
injurious,  but  not  so  much  because  the  peritoneal  epithelium 
is  destroyed  or  the  phagocytes  washed  away,  as  because  the 
generalization  is  liable  almost  immediately  to  allow  of  a  sys- 
temic invasion  with  its  attendant  dangers.  Murphy's  dictum, 
"The  primary  overwhelming  dose  of  toxins,"  is  significant, 
but  should  be  paraphrased  as  "The  primary  overwhelming 
dose  of  bacteria." 

A  remark  of  Dudgeon  and  Sargent's  (p.  3)  may  also  be 
quoted :  u  Whatever  absorption  cannot  take  place  by  the 
lymphatic  channel  must  do  so  by  means  of  the  blood  stream 
directly,  and  it  is  this  which  constitutes  one  of  the  greatest 
perils  of  peritonitis.  Provided  that  the  epithelium  is  unin- 
jured, bacteria  and  other  foreign  substances  will,  within 
limits,  be  safely  disposed  of  by  the  lymphatic  route,  but 
damage  will  at  once  permit  absorption  to  take  place  by  the 
vascular  route."  This  view  seems  to  me  to  be  misleading. 
The  bacteria  are  not  safely  disposed  of  by  the  lymphatic 
route  even  "  within  limits."  On  the  contrary,  very  minute 
quantities  of  bacteria  when  set  free  in  the  peritoneal  cavity 
are  carried  by  the  lymphatic  route  into  the  blood  with  extraor- 
dinary rapidity. 

If  we  consider  the  case  of  a  perforation  with  admission 
of  B.  coli  communis  into  the  peritoneal  cavity  there  are 
probably  at  first  comparatively  few  bacilli  and  an  attempt, 
usually  successful,  at  localization.  Moreover,  the  omentum 
can  probably  intercept  practically  all  of  the  bacteria  provided 
they  are  diffused  slowly  throughout  the  cavity.  But  let  the 
operation  be  performed  and  the  cavity  irrigated,  and  at  once 
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the  conditions  are  analogous  to  those  obtaining  in  the  experi- 
ments on  rabbits.  There  may  be  immediate  absorption 
through  the  diaphragm  even  from  the  first  rush  of  the  irri- 
gating fluid,  which  as  it  passes  over  the  infected  areas  picks 
up  vast  numbers  of  bacteria  and  carries  them  toward  the 
diaphragm.  Harte  and  Ashhurst  collected  three  hundred 
and  sixty-two  cases  of  operation  after  typhoid  perforation 
with  a  mortality  of  seventy-four  per  cent. 

A  portion  of  one  of  their  tables  may  be  given  :  ' 


Treatment. 

Recovered. 

'     Died. 

Mortality 
Per  Cent. 

m       •    •    •   ■ 

Drainage,  no  wiping  or  irrigation. 

IO 

7 

4« 

2    •  •  •  • 

Wiping  and  drainage. 

12 

*9 

61 

3  •  •  ■  • 

Irrigation  and  drainage. 

46 

130 

74 

a  •  •  •  • 

Wiping,  irrigation  and  drainage. 

I 

IO 

90 

This  table  certainly  seems  to  indicate  that  the  less  the 
treatment  the  more  favorable  the  chances  of  recovery, 
although  one  must  recognize  the  possibility  that  in  some  of 
the  milder  cases  irrigation  was  not  thought  necessary.  It  is 
worthy  of  note,  however,  that  where  the  usual  practice  has 
been  carried  out  the  percentage  of  mortality  is  exactly  that 
of  the  whole  number  of  cases ;  where  more  care  has  been 
exercised  the  mortality  rises  to  ninety  per  cent,  and  with  less 
care  sinks  to  fifty  per  cent,  the  mean  of  these  two  being 
practically  the  same  as  for  the  entire  number  of  cases.  In 
this  connection  the  following  passage  from  Stimson  may  be 
quoted :  "  Closely  related  to  this  exaggeration  (of  operative 
interference)  is  that  of  the  logical  surgeon  who  .  .  . 
carries  his  knife  to  its  ultimate  conclusions,  unmindful  of  the 
modifying  conditions.  .  .  .  One  of  the  most  striking 
effects  of  this  is  seen  in  the  ardor  of  the  chase  for  germs. 
.  .  .  One  of  the  milder  examples  of  this  (ardor)  which 
seems  happily  to  be  yielding  to  increasing  experience  is  the 


38  BUXTON. 

exaggerated  washing  and  drainage  of  the  abdominal  cavity 
lately  so  prevalent." 

.  Causes  of  death  from  the  absorption.  — In  previous  com- 
munications it  has  been  mentioned  that  after  inoculation  of  a 
large  dose  of  living  typhoid  bacilli  two  hours  is  a  critical 
period  at  which  the  rabbit  is  likely  to  die  suddenly  in  con- 
vulsions or  may  become  comatose  and  die  a  few  hours  later. 
If  this  early  critical  period  is  safely  passed  there  is  usually 
recovery,  but  the  animal  may  die  in  about  twenty-four  hours. 
As  a  rule,  though,  there  are  frequent  exceptions,  a  rabbit 
which  dies  in  about  two  hours  is  found  to  have  destroyed  a 
large  proportion  of  the  bacilli  injected,  whereas  the  animal 
which  dies  in  twenty-four  hours  is  swarming  with  bacilli. 
Presumably  in  the  first  case  the  cause  of  death  is  the 
immediate  toxic  action  of  the  disintegrated  bacilli  (endo- 
toxins) directly  upon  some  specially  susceptible  foci,  such  as 
nerve  centers,  whereas  death  after  twenty-four  hours  is  due 
to  the  general  infection. 

This  view  is  supported  by  the  fact  that  if  a  rabbit  is  inocu- 
lated intravenously  with  a  small  dose  of  typhoid  bacilli,  killed 
by  heating  to  6o°  C.  for  one  hour,  there  is  a  critical  period 
between  one  and  two  hours  after  injection.  The  critical 
period  in  this  case  comes  on  somewhat  earlier  than  after 
intraperitoneal  injection  of  living  bacilli,  but  the  symptoms 
are  precisely  similar  in  both  instances.  But  the  fact  must 
again  be  emphasized  that  it  is  primarily  the  bacteria  and  not 
their  toxins  which  are  absorbed  from  die  peritoneal  cavity. 
On  extracting  from  Dudgeon  and  Sargent's  cases,  I  find  that 
of  deaths  after  operation  and  irrigation,  twelve  occurred 
within  a  few  hours,  while  ten  cases  lived  longer,  dying  after 
two  to  ten  days.  Probably  the  cases  of  death  within  a  few 
hours  correspond  to  the  deaths  among  rabbits  from  intoxica- 
tion, whereas  the  later  deaths  are  due  to  a  general  infection, 
or  more  probably  to  generalized  peritonitis  as  will  be 
explained  later,  and  correspond  to  the  later  critical  period 
for  rabbits.  A  number  of  significant  instances  may  also  be 
found  among  one  hundred  and  twelve  cases  of  operation  for 
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typhoid  perforation  collected  in  detail  by  Finney.  Is  it  not 
possible  that  many  deaths  after  operation  attributed  to  shock 
are  in  reality  due  to  sudden  systemic  invasion  by  bacteria 
with  rapid  intoxication  by  endoscins? 

In  view  of  these  observations  upon  the  critical  periods  for 
rabbits  some  suggestions  may  be  put  forward  as  a  working 
hypothesis  by  way  of  explanation  for  certain  phenomena 
observed  in  peritonitis.  Since  the  streptococcus  and  the 
colon  bacillus  are  by  far  the  most  important  etiological 
factors  in  peritonitis,  remarks  may  be  confined  to  these  two 
organisms.  Apart  from  any  question  of  peritonitis  the  strep- 
tococcus very  frequently  causes  systemic  infection,  whereas 
such  an  infection  by  B.  coli .  communis  is  very  uncommon 
and  it  is  by  no  means  well  established  that  the  colon  bacillus 
can  ever  produce  a  true  bacteremia  in  man. 

Peritonitis  due  to  streptococcus.  Chiefly  puerperal.  —  As 
has  been  mentioned,  Dudgeon  and  Sargent  consider  that 
such  infections  are  almost  invariably  fatal,  though  Dr.  L.  A. 
Stimson  informs  me  that  he  is  now  not  nearly  so  much  con- 
cerned as  formerly  at  the  finding  of  streptococci  in  cases  of 
peritonitis.  It  is,  however,  generally  conceded  that  a  strep- 
tococcic peritonitis  is  very  dangerous,  and  is  frequently  fol- 
lowed by  death.  But  it  appears  from  a  review  of  the 
literature  that  as  a  general  rule  death  seldom  follows  within  a 
few  hours  after  operation.  The  patient  usually  succumbs  in 
about  twenty-four  to  forty-eight  hours.  There  are  relatively 
few  deaths  from  operative  "shock." 

Peritonitis  due  to  B.  coli  communis.  Chiefly  perforative. — 
On  the  other  hand,  after  typhoid  or  other  perforation  B.  coli 
communis  is  the  chief  infective  agent,  and  after  operation 
with  irrigation  of  the  cavity  one  cannot  help  being  struck 
with  the  large  proportion  of  deaths  within  a  few  hours  after 
operation.  One  may  almost  say  that  death  in  such  perfora- 
tive cases,  when  it  occurs  after  operation,  is  a  matter  of  a 
very  few  hours  or  some  days,  with  a  gap  in  between,  within 
which  relatively  few  deaths  occur. 
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Now  :t  is  just  in  the  period,  f  e^ty-fosr  to  forty-eight 
bonis,  corresponding  to  this  gap  for  B.  coE  communis  that 
most  of  the  streptococcic  deaths  seem  to  occnr. 


These  conclusions  have  on]y  bees  reached  from  a  general 
vey  of  the  -lteratzre„  and  are  open  to  criticism  by  those 


who  hare  had  practical  experience,  but  supposing  it  to  be 
cooceded  that  ther  are  in  the  ma:n  correct,  it  seems  to  me 
that  the  fc  lowing  is  a  probable  exr-anation  of  the  phenom- 
ena. The  streptococcus  very  rap-dlv  generalizes  and  rap- 
idly reaches  the  circulation  whether  there  is  irrigation  of  the 
cavrry  cr  sot.  On  reaching:  the  cfrcxlarjon  it  may  find  a 
saroratxe  med!-i:n  for  gremth  e'ther  in  the  tjood  or  at  various 
ioc:  :r  the  internal  organs,  It  is  not  immediately  destroyed  in 
large  amounts,  and  therefore  I'ttie  or  x>o  IToerarion  c-f  toxin 
eroorrxir.  takes  place  d-^-in*:  the  earer  rjeriod  ci  the 
s^^eirJc  irTasjon. 

r»it  the  scrt  rcococcns  rar3d"v  =:^'*r  rl^es.  and  in  twentv- 

ft  i  i  '«    *- ^   «.     .»*.      ^.f  x  r^w     «^  ^.  -fc«.«^. 

■»  ■»  -  -^^  «  ........     ._  a 

•  *  -  —    .r^     *.  ^ -.  *.o-...— *._*>   «_.-c    5*  ««*^lt?^iz    is     w.~.ere-?~.b-     «r\x 

•**,»l    *■    «■  ■      J^-3v^    .«*«.^u.   M«.«^,   >•«.     «.j^^«.  «^J«._ «.    «i«>  *«S^J.    If*.     *JU     0*..»      » L.1  W 

ri:*  ^  -  r^s»ot:  rf  oaorr.ru.  .::  the  d.rert3r»r  of  the  d^rhra^m, 
ur    i.r    tc    th^   rrne    frv    or  do  tkar-._    hive  reached  the 

lr.^:   tne    operator   tr.rre    i<    a   5^~crx   rii?»r.    of    ba-clili   to 
trir    ti  ood  anc  c  ^ir^.   as  v^   rr*iy  :r.rrr  rron:  our 
rrrr.ra".  rests      ?«^:  t>e  txood  iri   :rremal  orcans  fo 

arr  :n:^tec.  ats  •*  i:..  rd  oz  ::\«:  rro.^cts  t^r  r<:  .lr»erated  at 
ra>-ons  s^sorrr'r.«e  ioo.  v*;h  oons;'t:^ert  si«odec  oeat^, 
s^irrT.-ms  c  r-srv  s  ^ +.  j.t  r^  :r  .-s*  of  sKvk.  thoii^rt  ind: 
rj:c:-^^^  r  fron*.  t:^^r  o:"  ::  v:  or  ^or.  re  Ir  tue  haeTdi 
vr.  r.r  :.:  *^  r*err  tr  u?  -r-oj  .  o.*v  r:r  r^  o.:-oi  ^r^ot  are  few 
:t  r^n.or*  or  ret  r-^-r*  -.  \  we,  :*-.*  r^rtrrr  sum-rres  the 
stioe.i  pe-oe.  :■::  ^:   or-- :e  p.  ;.    -rvoror.  rte  r.^  **enerai: 


jt^^^,- 
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the  bacilli  multiply  in  the  cavity  and  from  there  fresh 
bacilli  are  constantly  being  carried  into  the  blood  stream 
with  cumulative  toxic  effect,  and  death  after  a  few  days. 
One  might  say  that  with  streptococci  death  after  operation 
is  due  to  systemic  infection,  whereas  with  B.  coli  communis 
it  may  be  due  to  rapid  or  gradual  systemic  invasion  with 
consequent  intoxication. 

SUMMARY. 

1.  Bacteria  injected  into  the  peritoneal  cavity  of  experi- 
mental animals  even  in  minute  doses  reach  the  circulation  in 
a  few  minutes. 

2.  This  immediate  absorption  of  bacteria  takes  place  by 
the  lymphatics  of  the  diaphragm. 

3.  Assuming  such  immediate  absorption  to  take  place 
also  in  the  human  subject,  the  experiments  have  some  bear- 
ing on  the  subject  of  operative  peritonitis  and  its  treatment. 

4.  To  avoid  a  rush  of  bacteria  to  the  diaphragm  the 
Fowler  position  is  indicated,  and  flushing  of  the  peritoneal 
cavity  contraindicated. 

5.  Rabbits  after  intraperitoneal  injection  of  living 
typhoid  bacilli  frequently  die  from  toxemia  in  about  two 
hours.  This  indicates  the  probable  cause  of  so  many  deaths 
from  "  shock  "  after  operation  for  perforation  with  irrigation. 

6.  If  a  rabbit  survives  the  "  shock  "  period  it  may  die  in 
about  twenty-four  hours.  This  appears  to  correspond  to  the 
deaths  after  operations  for  perforation  in  which  the  fatal 
termination  is  reckoned  in  days  instead  of  hours. 

7.  The  above  conclusions  apply  only  to  cases  in  which 
B.  coli  communis  or  allied  species  are  the  infective  agents. 
Reasons  have  been  given  for  supposing  that  streptococcus 
infections  run  a  different  course. 
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THE   PATHOLOGY   OF  THE  BROWN-TAIL  MOTH  DERMATITIS.* 

E.  E.  Tyzzer,  A.M.,  M.D. 

(Assistant  in  Pathology,  Harvard  University,  and  Director  of  Research,  Caroline 

Brewer  Croft  Cancer  Commission.) 

The  disagreeable  dermatitis  caused  by  the  brown-tail  moth 
has  attracted  much  attention  in  the  vicinity  of  Boston  in 
recent  years.  At  first  of  interest  chiefly  to  dermatologists 
as  a  skin  affection  new  to  this  region,  this  dermatitis  has 
since  become  so  common  in  moth-infested  districts  that  it  is 
now  recognized  by  laymen  as  well  as  by  physicians. 

So  much  has  been  written  concerning  the  brown-tail  moth, 
Forthesia  or  Liparis  chrysorrhoea,  that  it  is  unnecessary  to 
review  its  life  history  and  habits  in  this  paper.  Full  informa- 
tion on  these  points,  together  with  an  account  of  the  intro- 
duction of  the  moth  into  this  country  and  its  subsequent 
multiplication,  is  given  in  the  report  of  Fernald  and  Kirk- 
land.7 

In  June,  1901,  Dr.  J.  C.  White17  in  a  letter  to  the  editor  of 
the  Boston  Medical  and  Surgical  Journal  called  attention  to 
a  peculiar  type  of  dermatitis  which  he  thought  was  undoubt- 
edly due  to  the  caterpillar  of  the  brown-tail  moth.  The 
dermatitis,  which  was  urticarial  in  character,  usually  occurred 
on  the  neck,  although  the  face  and  hands  were  sometimes 
affected.  All  patients  afflicted  gave  a  history  of  the  removal 
of  a  caterpillar  from  the  parts  affected  just  prior  to  the  appear- 
ance of  the  eruption. 

Soon  after  this  Dr.  E.  R.  Meek  u  likewise  in  a  letter  to  the 
editor  of  the  Boston  Medical  and  Surgical  Journal  ascribed 
the  dermatitis  to  the  hairs  of  this  caterpillar,  since  these 
elements  are  very  brittle  and  easily  detached. 

Fernald  and  Kirkland,  in  the  report  already  referred  to, 
state  that  the  irritation  is  produced  only  by  certain  short 
barbed  hairs,  which  they  term  "  nettling  hairs,"  and  by  no 
others. 

*  Received  for  publication  Dec.  4, 1906. 
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c  irritating  properties  of  species  closely  allied  to  the 
i-tail  moth  have  long  been  known  to  European  entomol- 
There  is  in  the  London  Entomologist  a  series  of 
recording  the  observations  of  a  number  of  eotomol- 
.  who  have  experienced  irritation  of  the  skin  after  hand- 
pecimens  of  these  closely  allied  species, 
the  year  1S65  South,14  after  collecting  specimens  of 
esia  similis,  experienced  intense  itching,  urticaria  about 
:ck,  and  edema  of  the  eyelids,  bnt  did  not  at  that  time 
e  the  condition  to  the  handling  of  the  moths, 
idall  a  found  that  the  cocoons  as  well  as  the  larvae  may 
ce  irritation. 

ierson1  found  that  handling  the  imagines  of  Liparis 
1a,  another  species  closely  allied  to  the  brown-tail,  was 
ed  by  urticaria.  He  further  stated  that  merely  to  walk, 
>  a  breeze,  by  certain  hedges  infested  by  this  species  is 
cut  to  produce  the  rash. 

ntonu  held  the  opinion  that  the  hairs  of  the  caterpillars 
jated  with  a  poisonous  substance  which  exudes  from 
arlet  warts  on  the  hinder  segments. 
:  fact  that  cocoons,  empty  and  exposed  to  the  weather 
:inths,  are  still  capable  of  producing  the  rash,  seemed 
ckerell*  and  others  to  militate  strongly  against  the 
r  that  the  effects  are  caused  otherwise  than  by  the 
mica!  action  of  the  hairs. 

interesting  series  of  experimental  inoculations  is 
tied  by  Carter.*  He  inoculated  his  own  skin  with 
ik  species  with  the  following  results.  —  Porthesia  similis 
ccd  redness,  itching,  pimples,  and  white  vesicles  on  the 

ISombyx  rubi  produced  intense  irritation,  vesicles 
of  which  became  pustular,  and  edema  of  the  eyelids; 
yx  quercus,  pimples  which  became  vesicular  and  after- 
dried  up;  and  Bombyx  nuestria,  great  irritation  but 
iiclcs.  Inoculation  with  Arctia  caia  and  Arctia  villica 
allowed  by  transient  irritation.  Dasychoia  pudibunda 
)  red  patches,  and  vesicles  resembling  chicken-pox. 
species  were  tried  but  proved  to  be  innocuous. 
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Thresh  16  calls  attention  to  short  hairs,  1/200  of  an  inch 
long,  and  barbed  throughout  their  entire  length,  but  thinks 
that  the  long  hairs  as  well  have  nettling  properties.  He 
states  that  the  long  hairs  give  an  acid  reaction  when  they 
come  in  contact  with  litmus. 

Perhaps  the  most  notorious  of  the  "  stinging  "  larvae  is 
Cnethocampa  pityocampa,  the  processionary  caterpillar  of 
Europe.  Its  poisonous  properties  were  known  to  the 
ancients,  as  is  shown  by  the  fact  that  it  is  mentioned  in  the 
Cornelian  law.10  Keller8,9  investigated  this  species  and 
found  structures  at  the  bases  of  the  spines  which  he  inter- 
preted as  poison  glands. 

There  is  in  the  Philippine  Islands  a  moth,  Taragama 
igniflua, 12  which  resembles  somewhat  the  brown-tail.  Its 
nettling  hairs  were  examined  by  the  author  and  found  to  be 
almost  identical  with  those  of  the  latter  species  and  capable 
of  producing  severe  irritation.  There  were  also  long,  needle- 
shaped,  hollow  spines,  which  were  filled  with  fluid.  As  they 
were  watched  under  the  microscope  the  fluid  rapidly 
evaporated  leaving  the  spine  empty.  Although  these  spines 
were  well  adapted  for  penetration,  it  was  not  determined 
whether  they  were  instrumental  in  the  production  of  the 
dermatitis.  The  larvae  of  the  Io  moth  (Automeris  io)  also 
produce  irritation  of  the  skin  when  handled.  There  is  an 
immediate  sensation  of  pain  similar  in  nature  to  that  pro- 
duced by  the  sting  of  a  bee,  but  much  milder  in  degree. 
There  is  some  reddening  of  the  skin,  but  the  irritation  is 
transient  and  soon  disappears. 

The  larger  portion  of  the  work  upon  which  the  present 
paper  is  based  was  done  several  years  ago  when  the  moths 
first  became  prevalent  in  the  suburbs  to  the  north  of  Boston, 
but  certain  additional  data  have  been  obtained  more  recently. 
In  investigating  the  nature  of  this  peculiar  skin  eruption,  the 
primary  object  was  to  determine  by  means  of  experimenta- 
tion just  how  the  lesions  are  produced.  My  observations 
confirm  those  of  Fernald  and  Kirkland  that  the  dermatitis  is 


produced  by  the  peculiar,  short,  barbed  spines  or  "  nettling 
hairs  "  *  of  the  caterpillar. 

These  hairs  when  rubbed  upon  the  skin  produce  a  derma- 
titis, but  the  other  hairs  of  either  the  caterpillar  or  the  moth 
produce  no  irritation.  Furthermore,  by  serial  sections  of 
lesions  produced  experimentally,  I  have  been  able  to 
demonstrate  the  nettling  hairs  imbedded  in  the  skin.  The 
most  important  result  of  this  investigation  is  the  proof  that 
the  action  of  the  nettling  hair  upon  the  tissue  is  not  a  purely 
mechanical  one,  as  the  observations  of  Fernald  and  Kirk- 
land  and  others  tend  to  indicate,  but  that  there  is  in  addition 
an  irritating  substance.  When  this  irritating  substance  is 
removed  from  the  nettling  hairs  they  are  then  practically 
innocuous  and,  when  inoculated,  act  merely  as  foreign  bodies 
in  the  tissue. 

The  nettling  hairs  are  of  the  form  of  straight,  tapering, 
needle  pointed  shafts,  barbed  for  their  entire  length  after  the 
manner  of  a  certain  form  of  African  spearhead.  They  vary 
from  .0~  to  .2  millimeter  in  length.  —  the  average  is  about 
.1  millimeter  or  I  2?Q  of  an  inch.  —  and  arc  not  over  .004 
or  .005  millimeter  in  thickness  at  the  thicker  extremity. 
They  possess  a  thin  chitinous  wall  from  which  project  three 
r^T»5  of  recarrent  barbs,  while  the  interior  of  the  shaft  con- 
sists of  material  which  appears  finely  granular  and  stains 
with  the  ordinary  an  ilia  dyes  arter  fixation  in  Zenker's  fluid. 
When  the  settling  hairs  are  thoroughly  dried,  they  often 
ozziiiz  air.  Nj  pore  or  opetiirj  is  visible  in  these  hairs 
ert-  z~  '-'gh  magnification,  b-^t.  it'they  are  dried  and  then 
-~^.zt±  C2  a  slide  in  so:ne  such  sTaia  as  Laser's  alkaline 
ne^Lyiene  bl-e  srl^tics.  the  dye  is  seen  ttrst  to  penetrate 
tie  zc'~'-   -■  — -   -air.    a=i  afterward    gradually    t?  diffuse 

z,;t.?z.z-  it  arprars  list  th?re  is  a  minute  opening  at  the 
z>:  ~z   zi~  the  ~?T—.~£   hiir.  alth.— u^h  it   cannot   be  visually 
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hairs  appear  to  the  unaided  vision  as  scintillating  points. 
In  the  dry  state  large  masses  of  them  form  a  fine  brown 
powder,  which  is  very  light  and  easily  blown  about. 

The  nettling  hairs  develop  upon  the  caterpillar.  Although 
Fernald  and  Kirkland  and  others  state  that  the  nettling  hairs 
are  present  upon  the  caterpillar  only  after  the  last  two 
molts  in  the  spring,  they  are,  nevertheless,  demonstrable 
much  earlier.  The  two  velvety  brown  spots,  which  appear 
on  the  dorsal  aspect  of  the  fifth  and  sixth  segments  after  the 
first  molt,  and  while  the  caterpillars  measure  but  four  or  five 
millimeters  in  length,  are  found  to  consist  of  nettling  hairs. 
Sections  of  these  small  caterpillars  show  the  anatomical  rela- 
tions of  these  hairs,  and  when  the  latter  are  rubbed  upon  the 
skin  a  dermatitis  is  produced.  The  caterpillar  is  thus  dem- 
onstrated to  be  poisonous  at  a  very  early  stage  in  its  develop- 
ment. The  young  caterpillars  hibernate  in  colonies  in  the 
winter  webs  which  are  found  on  the  tips  of  twigs.  These 
webs  contain,  in  addition  to  the  young  caterpillars,  the  skins 
of  their  various  molts,  and  may  produce  irritation  if  torn 
open.  The  two  brown  spots  situated  on  the  back  of  the 
caterpillar  are  in  reality  two  pairs  of  subdorsal  tubercles. 
They  are  likewise  found  on  the  fifth  and  sixth  segments  after 
each  succeeding  molt  up  to  the  last  two  spring  molts,  when 
they  are  present  on  all  segments  from  the  fifth  to  the  twelfth, 
inclusive.  Patches  of  nettling  hairs  are  at  this  time  also 
found  just  below  the  tufts  of  white  branching  hairs  on  the 
lateral  tubercles  of  the  same  segments.  The  increase  in  the 
production  of  nettling  hairs  at  this  stage  makes  the  caterpil- 
lar "  poisonous  "  to  a  degree  much  greater  than  in  any  of  its 
preceding  molts. 

The  nettling  hairs  developing  upon  the  caterpillar  may 
eventually  be  widely  disseminated  from  their  original  source. 
In  the  process  of  manufacturing  the  cocoon,  the  hairs  are  all 
rubbed  off  the  caterpillar  and  enter  into  the  structure  of  the 
cocoon.  It  is  unquestionably  by  reason  of  the  nettling  hairs 
enmeshed  in  and  adherent  to  cocoons  that  a  dermatitis  so 
often  follows  contact  with  them.  Since  severe  dermatitis  has 
frequently  followed  the  handling  of  cocoons  over  a  year  old, 
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it  is  evident  that  the  irritating  substance  connected  with 
the  hairs  is,  under  ordinary  conditions,  extremely  slow  to 
disintegrate. 

Nettling  hairs  are  found  mingled  with  the  long  hairs  of  the 
brown  tuft  on  the  tail  of  the  moth  where  they  are  most 
numerous  near  the  distal  ends  and  are  not  found  near  the 
roots  of  the  long,  coarse  hairs.  Although  the  nettling  hairs 
are  present  in  large  numbers,  especially  on  female  moths, 
which  possess  a  larger  and  thicker  tuft  on  the  tail,  I  have 
been  unable  to  demonstrate  that  they  have  any  constant 
anatomical  relation  to  the  body  of  the  moth.  Fernald  and 
Kirkland,  since  they  found  these  elements  in  variable 
numbers  and  irregularly  distributed  over  the  moths,  con- 
cluded that  they  probably  become  entangled  among  the 
scales  of  the  moth  as  it  works  its  way  out  through  the 
cocoon,  and  that  thus  all  the  nettling  hairs  are  primarily 
derived  from  the  caterpillar.  The  tuft  of  thick  brown  hair 
on  the  tail  of  the  female  is  deposited  in  the  form  of  a  felt- 
work  around  the  eggs  as  they  are  laid  on  the  under  surface 
of  leaves.  As  this  material  contains  many  nettling  hairs,  it 
also  is  capable  of  producing  the  typical  dermatitis. 

Since  the  nettling  hairs,  once  they  are  dislodged  from  the 
caterpillar,  are  blown  about  by  any  slight  current  of  air,  it 
seems  beyond   question  that  a  characteristic  eruption  may 
occur  without  actual  contact  with  caterpillar,  moth,  or  nests. 
If  a  susceptible    individual    stand    during   a   slight    breeze 
beneath  a  tree  well  infested  with  these  caterpillars,  this  fact 
will  be  satisfactorily  demonstrated.     A  rash  will  appear  on 
the  exposed  parts  very  soon  afterward,  and  one  may  experi- 
ence intense  itching  almost  immediately.     The  lodgment  of 
the  nettling  hairs  upon  the  underclothes  as  they  are  hung  to 
dry  is  probably  also  one  of  the  common  sources  of  the  rash. 
To  remedy  this  the  underclothes  may  be  hung  right  side  out 
instead  of  being  turned  as  is  customary,  or  they  may  be  sent 
to  a  non-infested  district  to  be  laundered. 

In  order  to  determine  the  anatomical  relation  of  the  net- 
tling hairs,  serial  sections   were  made  of  several  of  those 
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segments  of  the  caterpillar  which  bear  the  velvety  brown 
patches  corresponding  to  the  subdorsal  and  lateral  tubercles. 
These  hairs  are  found  with  points  inserted  in  protuberant 
rounded  sockets  with  which  this  portion  of  the  cuticle  is 
studded  (see  Plate;,  Fig.  3).  The  sockets  are  rather  closely 
set  but  usually  not  in  actual  contact  one  with  another.  The 
number  of  nettling  hairs  to  each  socket  varies  within  wide 
limits.  Some  sockets  hold  but  three  while  others  hold  as 
many  as  twenty.  Beneath  the  areas  upon  which  the  nettling 
hairs  develop,  the  eperdermis  is  modified  and  is  represented 
by  a  large  mass  of  cells.  These  cells  are  long  and  fusiform 
with  their  long  axes  perpendicular  to  the  surface  of  the 
cuticle.  The  nucleus  in  each  cell  is  nearer  the  extremity 
away  from  the  surface  and  the  major  portion  of  the  cyto- 
plasm is  in  the  form  of  a  long  process  which  extends  into 
the  socket  which  holds  the  nettling  hairs.  Whether  these 
groups  of  cells  are  of  the  nature  of  poison  glands  or  simply 
the  formative  cells  of  this  type  of  hair  has  not  been 
determined.  There  is  nothing  distinctive  as  regards  the 
microchemical  affinities  of  these  cells  when  compared  with 
cells  at  the  base  of  the  coarse  hairs.  On  the  other  hand  the 
granular  material  within  the  nettling  hairs  simulates  very 
closely  that  found  within  the  coarse  hairs  notwithstanding 
that  one  is  poisonous  and  the  other  not.  The  homogeneous 
cuticular  layer  is  continuous  over  every  part  of  the  sockets 
so  that  there  is  no  apparent  communication  between  the 
cells  on  the  interior  and  the  points  of  the  nettling  hairs. 
The  significance  of  the  collections  of  cells  beneath  the  areas 
bearing  the  nettling  hairs  might  be  understood  if  stages 
could  be  obtained  in  which  these  hairs  were  in  the  process 
of  development. 

There  has  been  considerable  conjecture  as  to  whether  the 
dermatitis  is  due  to  the  mechanical  action  of  the  nettling  hairs 
or  to  a  poisonous  substance  conveyed  by  them.  Fernald 
and  Kirkland  submitted  material  consisting  of  hairs,  cocoons, 
and  molted  skins  to  Mr.  F.  J.  Smith,  chemist  of  the  Gypsy 
Moth  Committee.     His  notes  are  as  follows : 
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"  I  made  a  number  of  extracts  of  the  hairs  with  each  of  the  reagents 
mentioned  below,  some  of  the  extracts  being  of  the  hairs  alone,  others  of 
the  molted  skins,  and  still  others  of  the  cocoons  which  contained  hairs  in 
great  numbers.  The  reagents  used  were :  water,  alcohol,  ether,  chloro- 
form, petroleum  ether,  acetone,  acetic  ether,  dilute  sulphuric  acid,  dilute 
caustic  potash.  I  tested  each  of  the  extracts  after  digesting  for  some 
hours,  and  in  each  case  they  nettled  the  skin.  On  the  other  hand,  the 
filtered  extracts  (freed  from  hairs)  caused  no  irritation  of  any  sort  when 
applied  even  where  the  skin  was  broken.  Careful  chemical  tests  failed  to 
show  the  presence  of  any  organic  acids  or  alkaloids.  Hence  I  am  led  to 
believe  that  the  irritation  is  of  a  mechanical  nature,  caused  by  the  brittle, 
finely  barbed  hairs,  and  not  due  to  a  toxic  principle/1 


This  analysis  would  indicate  that  the  action  of  the  nettling 
hair  is  a  purely  mechanical  one.  These  results,  however, 
appeared  far  from  conclusive  when  the  degree  of  the  reaction 
in  the  tissue  around  these  extremely  minute  elements  was 
considered. 

In  order  to  follow  up  this  question,  controls  of  the  nature 
of  purely  mechanical  agents  were  sought.  Fine  glass  wool 
was  comminuted  between  two  glass  slides  and  then  rubbed 
upon  a  small  area  of  the  skin  of  the  upper  arm.  This  was 
followed  by  the  appearance  of  numerous  minute  red  spots. 
There  was  a  slight  soreness  over  this  area,  suggestive  of  the 
presence  of  minute  foreign  bodies  in  the  skin.  The  red  spots 
persisted  for  twenty-four  hours  or  more. 

The  tufts  on  the  back  of  a  tussock  moth  caterpillar  were 
examined  and  found  to  consist  of  long,  sharp-pointed  hairs 
with  sharp  barbs  projecting  at  intervals  along  their  entire 
length.  These  hairs  were  of  the  same  general  type  as  the 
nettling  hairs  of  the  brown-tail  moth,  but  were  many  times 
as  long.  When  such  hairs  from  the  tussock  moth  caterpillar 
were  rubbed  upon  the  skin,  several  minute  reddish  points 
appeared.  There  was  a  barely  perceptible  prickling  sensa- 
tion but  no  itching.  Another  person  inoculated  in  a  similar 
manner  showed  no  lesion  whatever.  Thus  neither  finely 
comminuted  glass  wool  nor  the  sharp-pointed,  barbed  hairs 
of  a  tussock  moth  caterpillar  when  rubbed  into  the  skin  pro- 
duced any  process  resembling  in  character  the  brown-tail 
moth  dermatitis. 
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At  this  time  the  accidental  discovery  of  a  peculiar  reac- 
tion, which  takes  place  when  the  nettling  hairs  of  the  brown- 
tail  moth  are  mingled  with  blood,  indicated  the  presence  of 
.a  soluble  chemical  substance  in  connection  with  them.  If  a 
number  of  nettling  hairs  are  placed  in  a  drop  of  blood 
between  a  slide  and  cover-glass,  an  immediate  change  takes 
place  in  the  red  blood  corpuscles.  They  at  once  become 
coarsely  crenated  and  the  rouleaux  are  broken  up  in  the 
vicinity  of  the  hair.  The  corpuscles  decrease  in  size  and  the 
coarse  crenations  are  transformed  into  slender  spines  which 
rapidly  disappear  leaving  the  corpuscles  in  the  form  of 
"'  spheres,  the  light  refraction  of  which  contrasts  them  sharply 

■  from  the  normal  corpuscles.     The  change  of  form,  in  addi- 

tion to  a  slight  shrinkage,  causes  the  red  blood  corpuscles 
to  appear  much  smaller  than  normal.     This  reaction  takes 
i  place  so  rapidly  when  the  fresh,  active,  nettling  hairs    are 

used  that  the  eye  cannot  follow  its  various  stages.     How- 
ever, by  treating  these  hairs  in  various  ways,  the  time  of  this 
I  reaction  may  be  slowed  so  that  all  stages  of  transformation 

may  be  seen.  The  reaction  always  begins  at  the  basal  sharp 
point  of  the  hair.  It  was  thought  that  this  might  possibly, 
be  a  purely  physical  phenomenon,  but  this  is  disproved  in 
various  ways.  A  variety  of  minute  foreign  bodies  were 
mingled  with  the  blood  in  a  similar  manner.  Such  material 
^  minute  particles  of  glass  wool,  the  barbed  hairs  of  the 
.  Cate/*piHar  of  a  tussock  moth,  and  the  other  coarser  hairs  of 

.  $£    £>rown-tail,  all  failed  to  produce  any  effect  on  the  red 

^/ ^rci   corpuscles. 

I  x  **^  next  step  was  to  determine  whether  the  nettling  hairs 

i  could     be  inactivated  by  heating.     After  baking  for  one  hour 

at  *  °o°  C,  they  gave  a  typical  reaction  with  red  blood  cor- 
pse l^s  and  produced  a  dermatitis  when  rubbed  upon  the 
star*.  Baked  for  one  hour  at  no0  C,  they  still  gave  the 
W*o^]  reaction  with  red  blood  corpuscles  and  produced  a 
tyP*c^i  dermatitis  when  rubbed  on  the  skin.  However,  after 
being  baked  an  hour  at  1150  C,  the  nettling  hairs  no  longer 
^c*ed  the  red  blood  corpuscles  and  when  even  rubbed  into 
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the  skin  now  failed  to  produce  a  typical  dermatitis,  but  only 
a  slight  redness  which  was  scarcely  discernible  and  which 
was  probably  comparable  with  that  produced  by  the  pene- 
tration of  the  epidermis  by  minute  foreign  bodies  such  as 
particles  of  glass  or  the  barbed  hairs  of  other  caterpillars. 
The  degree  of  heating  does  not,  in  this  instance,  affect  the 
structural  integrity  of  the  nettling  hairs,  for  they  appear 
unchanged  even  after  baking  an  hour  at  1500  C. 

The  experiment  of  heating  the  nettling  hairs  at  various 
temperatures  proves  conclusively  that  their  action  upon  the 
skin  is  not  purely  a  mechanical  one,  but  that  it  depends 
upon  the  presence  of  a  chemical  substance  which  is  destroyed 
at  high  temperatures.  The  failure  of  the  nettling  hairs,  after 
being  heated  to  1150  C,  to  give  the  characteristic  reaction 
with  red  blood  corpuscles,  together  with  the  fact  that  they 
no  longer  produce  the  typical  dermatitis,  suggested  the 
possibility  that  this  peculiar  reaction  might  serve  as  an  index 
to  their  toxicity.  This  was  put  to  the  test  in  subsequent 
experiments,  and  this  inference  has  been  borne  out. 

In  order  to  determine  the  solubility  of  the  irritating  sub- 
stance conveyed  by  the  nettling  hairs,  the  effect  of  various 
solvents  was  tried  both  at  room  temperature  and  heated. 
For  the  time  being  the  presence  of  the  poison  in  the  solvent 
was  disregarded  and  the  reaction  of  the  nettling  hairs  with 
the  red  blood  corpuscles  and  upon  the  skin  was  determined 
after  they  had  been  placed  under  the  influence  of  the  solvent. 
By  so  doing  it  was  believed  that  it  would  be  possible  to  esti- 
mate at  least  the  relative  degrees  of  solubility  of  the  irritating 
substance. 

Treated  with  alcohol,  acetone,  chloroform,  and  ether,  the 
nettling  hairs  remained  active  both  as  regards  the  test  with 
red  blood  corpuscles  and  the  inoculation  of  the  skin, 
whether  boiled  for  a  short  time  or  kept  for  days  at  room 
temperature. 

The  nettling  hairs  remained  active  after  being  boiled  in 
pyridin,  which  boils  at  a  temperature  between  1060  and  1080  C. 

Kept  in  pure  glycerine  or  in  equal  parts  of  glycerine  and 
distilled  water  for  several  days,  the  nettling  hairs  remained 
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A  sketch  showing  the  effect  of  the  nettling  hairs  of  the  ' 
upon  mammalian  red  blood  corpuscles. 
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active.  They  were  also  active  after  heating  at  no0  C.  in 
pure  glycerine,  but  after  heating  at  1150  C,  they  failed  to 
react.  As  this  was  the  approximate  temperature  at  which 
they  were  inactivated  by  dry  heat,  it  seems  certain  that  the 
poison  is  destroyed  at  this  temperature. 

The  nettling  hairs  also  remained  active  when  kept  for  sev- 
eral days  in  glacial  acetic  acid,  in  one-half  per  cent  acetic,  and 
in  both  one  per  cent  and  one-tenth  per  cent  aqueous  solutions 
of  hydrochloric  acid.  The  reaction  with  the  red  blood  cor- 
puscles was  delayed  for  a  short  time  after  the  soaking  in 
acids,  but  afterward  went  on  undiminished.  This  retarding 
of  the  reaction  is  probably  due  to  the  fact  that  several 
moments  must  elapse  before  the  acidity  of  the  hairs  is  neu- 
tralized by  the  blood  in  which  they  are  placed.  The  retar- 
dation is  more  pronounced  after  strong  than  after  weak  acid 
solutions  and,  if  the  hairs  are  subsequently  thoroughly 
washed  in  water,  there  is  no  slowing  of  their  reaction  with 
the  red  blood  corpuscles. 

In  distilled  water  the  nettling  hairs  remained  active  after  a 
period  of  eighteen  days  even  though  during  this  time  they 
were  centrifugalized  and  washed  several  times,  in  addition 
to  being  placed  in  the  incubator  at  380  C.  for  sixteen  hours. 
When  warmed  in  distilled  water  to  500  C.  they  were  still 
active,  but  when  warmed  to  6o°  C.  they  immediately  failed  to 
react.  Since  the  substance  which  gives  the  reaction  with- 
stands much  higher  temperatures,  it  seems  reasonably  certain 
that  it  is  dissolved  out  in  water  raised  to  this  temperature. 

Inasmuch  as  the  poisonous  substance  was  evidently  soluble 
in  fluid  blood  at  room  temperature,  it  seemed  plausible  that  it 
might  be  soluble  in  dilute  alkaline  solutions.  This  was  found 
to  be  the  case.  Both  one  per  cent  and  one-tenth  per  cent 
solutions  of  potassium  hydrate  and  sodium  hydrate  in  dis- 
tilled water  were  used.  The  nettling  hairs,  after  remaining 
over  night  in  these  solutions  at  room  temperature,  failed  to 
act  either  on  the  skin  or  on  the  red  blood  corpuscles. 

From  these  data  it  seems  necessary  to  conclude  that  the 
nettling  hairs  possess  a  substance  which  acts  as  an  irritant  to 
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tissues  (epidermis),  which  is  relatively  stable,  being  destroyed 
by  heating  at  the  temperature  of  1150  C.  or  over,  and  which 
is  quite  soluble  in  dilute  alkalies  at  room  temperature  or  in 
water  warmed  to  6o°  C.  I  have  been  unable  to  demonstrate 
whether  this  substance  is  located  within  the  nettling  hair  or 
carried  upon  the  surface  at  its  point.  If  it  is  true  that  the 
wall  of  the  nettling  hair  is  perforated  at  its  point,  as  indi- 
cated by  the  penetration  of  staining  fluids,  it  seems  not 
unlikely  that  the  poisonous  substance  is  contained  within  the 
chitinous  walls.  This  is  borne  out  by  the  activity  of  these 
hairs  after  soaking  two  and  a  half  weeks  at  room  temperature 
in  water  —  a  reagent  which  is  known  to  be  a  solvent  when 
raised  to  6o°  C.  —  for  it  seems  improbable  that  so  small  an 
amount  of  the  irritating  substance,  as  there  must  necessarily 
be,  could  remain  undissolved  for  this  length  of  time  if 
smeared  on  the  surface  of  the  hair.  Furthermore  the  spe- 
cific reaction  with  the  red  blood  corpuscles  always  begins  at 
the  point  of  the  hairs  except  in  instances  in  which  they  are 
broken,  when  the  reaction  takes  place  rapidly  about  the 
point  of  fracture.  If  the  irritating  substance  was  secreted, 
as  certain  observers  have  believed,  by  the  two  retractile 
tubercles  on  the  hinder  segments  and  smeared  by  the  move- 
ments of  the  caterpillar  over  its  hairs,  the  coarse  hairs  also 
would  have  nettling  properties  and  react  with  the  red  blood 
corpuscles ;  but  such  is  not  the  case.  It  is  probable  that 
protection  afforded  the  irritating  substance  by  its  inclusion 
within  chitinous  walled  tubes  and  also  its  chemical  stability 
account  for  the  fact  that  the  nettling  hairs  remain  active  for 
long  periods  of  time  unaffected  by  natural  influences  such  as 
fluctuations  of  temperature  or  repeated  wetting  and  drying. 

Since  it  was  impossible  to  obtain  caterpillars  in  sufficiently 
large  numbers  for  an  exhaustive  study  into  the  chemical 
nature  of  the  irritating  substance,  a  preliminary  analysis  of 
the  material  at  hand  was  kindly  undertaken  by  Dr.  Carl  L. 
Alsburg  of  the  Department  of  Biochemistry,  Harvard  Medical 
School.     His  notes  are  as  follows: 

"  An  extract  of  all  the  hairs  furnished  me  was  made  in  distilled  water 
at  6o°  C.     It  was  faintly  clouded  and  slightly  tinged  brown.     It  gave  no 
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Milton  or  Biuret  reaction,  and  could  not.  therefore,  have  contained  any 
appreciable  quantity  of  proteid.  It  showed  no  coagulation  on  heating. 
Its  reaction  was  slightly  acid.  With  saturated  aqueous  picric  acid  it  gave  a 
fine  not  very  abundant  granular  precipitate.  With  a  twenty-five  per  cent 
solution  of  phosphotungstic  add  in  five  per  cent  H,SO«  there  was  an  abund- 
ant heavy  precipitate  which  formed  gradually.  With  tannic  acid  there 
was  an  abundant  brown  flocculent  precipitate.  Silver  nitrate  caused  a 
slight  brown  precipitate.  Potassium  mercuric  iodide,  barium  chloride,  and 
mercuric  chloride  merely  produced  turbidity.  The  solution  did  not 
reduce  Fehling's  solution  either  before  or  after  boiling  with  dilute  min- 
eral acid.  As  the  quantity  of  material  used  in  the  last  two  tests  had  to  be 
very  small,  the  results  must  be  taken  as  provisional.  The  small  quantity 
of  material  available  moreover  made  it  impossible  to  test  the  toxic  action 
of  the  precipitates  formed  by  the  various  reagents.  There  is,  therefore, 
no  guarantee  that  the  substance  or  substances  precipitated  by  phospho- 
tungstic acid,  etc.,  actually  are  the  active  principle/1 

The  difficulties  in  the  isolation  of  a  chemical  substance  of 
this  nature  are  great,  and  this  undertaking  has  been  deferred 
until  another  season  when  it  may  be  possible  to  obtain 
material  in  sufficient  amount  with  which  to  work  advan- 
tageously. In  making  extracts  from  the  nettling  hairs  other 
substances  besides  the  irritating  principle  will  probably  be 
found,  which  will  have  to  be  eliminated.  In  this  instance 
the  biological  test  will  undoubtedly  be  of  value. 

The  possibility  of  the  occurrence  within  the  body  of  the 
caterpillar  of  an  irritating  substance  identical  with  that  found 
in  the  nettling  hairs  has  been  considered.  If  a  brown-tail 
caterpillar  be  laid  open  and  precautions  are  taken  not  to 
introduce  any  nettling  hairs  into  its  tissue,  its  fluids  will  be 
found  to  be  highly  poisonous  if  placed  on  a  slight  excoria- 
tion of  the  skin.  The  part  commences  to  itch  at  once  and 
the  skin  becomes  elevated,  white,  and  edematous,  and  a  large 
wheal  develops.  The  lesion  has  a  well  defined,  abrupt 
edge  and  spreads  for  a  radius  of  one  centimeter  or  more 
about  the  scratch.  A  reddish  petechial  flush  appears  over 
a  wide  area  of  skin  about  the  wheal.  At  one-half  or  three- 
quarters  of  an  hour  after  the  inoculation,  the  process  is  at  its 
height,  and  after  an  hour  the  border  of  the  lesion  is  not  so 
sharply  defined.    The  edema  subsides  gradually,  giving  place 
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to  diffuse  redness  and  the  skin  over  this  area  feels  slightly 
sore  for  several  hours.  In  this  manner  the  fluids  of  the 
caterpillar  may  be  demonstrated  to  be  poisonous,  but  the 
irritation  is  due  to  a  substance  quite  different  from  that 
found  in  the  nettling  hair.  This  is  proved  by  the  failure  of 
the  fluid  from  the  caterpillar  to  produce,  when  mingled  with 
mammalian  blood,  any  characteristic  change  in  the  red  blood 
corpuscles.  The  reaction  of  the  human  skin  in  this  instance 
is  much  more  severe,  but,  on  the  other  hand,  is  of  much 
shorter  duration  than  is  the  case  of  the  lesions  produced  by 
the  nettling  hairs.  It  is  possible  that  the  fluids  of  other 
caterpillars,  usually  regarded  as  innocuous,  would  be  found 
poisonous  if  rubbed  into  excoriations  of  the  skin,  but  this 
was  not  tried. 

The  pathological  processes  produced  by  the  nettling  hairs 
of  the  brown-tail  moth  were  studied  in  both  human  and 
animal  tissues. 

The  reaction  of  the  human  skin  to  the  nettling  hairs  of  the 
brown-tail  *  moth  varies  greatly  with  different  individuals. 
When  these  hairs  are  rubbed  upon  the  skin  there  is  imme- 
diately, with  most  persons,  considerable  itching  and  the 
inoculated  area  rises  up  in  the  course  of  fifteen  or  twenty 
minutes  in  the  form  of  a  wheal  about  which  there  is  con- 
siderable reddening  that  changes  to  white  when  the  skin  is 
stretched.  The  reaction,  however,  is  not  always  so  prompt 
to  appear.  The  severest  process  observed  showed  nothing 
for  a  period  of  eight  hours  after  the  inoculation.  The  net- 
tling hairs  even  when  rubbed  into  the  skin  of  other  individ- 
uals produce  only  slight  reddening  or  perhaps  very  slight 
elevation  and  practically  no  discomfort.  Whether  or  not 
decreased  alkalinity  of  the  blood  forms  a  factor  in  the  insus- 
ceptibility of  these  persons  is  only  a  matter  of  conjecture. 
The  blood  of  all  persons  and  of  all  laboratory  animals  thus 
far  tried  has  reacted  in  a  typical  manner  to  the  nettling  hairs. 

The  dermatitis,  as  it  occurs  naturally,  is  of  two  types 
according  to  the  manner  of  acquisition.  If,  for  instance,  a 
caterpillar  is  felt  crawling  over  one's  neck  and  is  thereupon 
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slapped  or  crushed  and  the  part  afterward  thoroughly  nibbed 
and  scratched,  a  marked  local  dermatitis  develops  in  which 
the  lesions  are  confluent.  There  is  local  reddening  and 
thickening  of  the  skin  with  the  formation  of  papules  or 
vesicles,  as  the  case  may  be.  A  patient  in  this  condition  is 
liable  to  seek  the  advice  of  a  physician.  On  the  other  hand, 
if  the  nettling  hairs  are  distributed  by  a  breeze  to  under- 
clothes as  they  hang  drying,  the  dermatitis  which  results 
from  wearing  these  clothes  is  of  the  nature  of  a  scattered 
urticarial  rash.  The  lesions  in  such  a  case  are  in  the  form 
of  small  discrete  papules  which,  if  not  scratched,  often  show 
at  their  summit  a  tiny  vesicle  filled  with  clear  fluid.  They 
are  generally  more  numerous  on  parts  of  the  body  where  the 
skin  is  soft.  Many  persons  having  such  rashes  never  consult 
the  physician.  Warm,  muggy  weather  aggravates  the  con- 
dition ;  the  reason  is  that  the  epidermis  is  then  kept  moist 
by  perspiration  and  becoming  softer  favors  the  penetration 
of  the  nettling  hairs.  In  dry,  cool  weather  the  epidermis  is 
less  easily  penetrated. 

The  duration  of  this  form  of  dermatitis  may  be  long  on 
account  of  repeated  inoculations.  The  individual  lesions 
usually,  however,  heal  in  from  a  week  to  ten  days.  The 
severe  localized  form  of  dermatitis  is  perhaps  more  preva- 
lent in  May  and  June,  as  it  is  then  that  the  caterpillars  are 
reaching  their  maturity.  The  form  of  dermatitis  in  which 
the  rash  is  scattered  is  common  when  the  moths  are  flying 
in  large  numbers  (July),  as  well  as  earlier  in  the  season  of 
the  caterpillars.  A  dermatitis  may  be  acquired  at  any  season 
of  the  year  by  the  handling  of  large  numbers  of  nests  or 
cocoons.  The  wearing  of  an  undergarment  which  had  been 
packed  away  a  year  since  its  contamination  with  nettling 
hairs  has  often  been  sufficient  to  produce  dermatitis. 

The  material  on  which  the  histological  study  of  the  derma- 
titis is  based  consists  in  part  of  a  piece  of  skin  excised  from 
the  upper  arm  of  the  author  twenty  hours  after  inoculation 
with  the  nettling  hairs  of  a  caterpillar  collected  early  in 
March.  The  tissue  after  fixation  in  Zenker's  fluid  was 
imbedded   in    paraffin   and   serial  sections   made.     Without 
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serial  sections  it  would  be  difficult,  except  perhaps  by  acci- 
dent, to  find  the  nettling  hairs  in  the  tissue.  Material  for 
supplementary  study  was  furnished  by  lesions  produced 
experimentally  in  animals. 

The  lesions  in  the  human  skin  may  be  summed  up  as 
follows : 

The  nettling  hairs  are  found  imbedded  at  various  depths ; 
some  penetrating  in  a  direction  oblique  to  the  surface  are 
situated  superficially  in  the  epidermis ;  others  have  penetrated 
the  entire  thickness  of  the  epidermis ;  and  others  have  passed 
through  the  epidermis  and  have  penetrated  the  corium  for 
nearly  their  entire  length.  There  is  necrosis  of  the  epider- 
mis around  the  nettling  hair,  and  in  most  instances  there  is 
exudation  of  fluid  into  the  epidermis  so  that  a  tiny  vesicle  is 
formed.  The  contents  of  the  vesicle  consist  of  clear  fluid  in 
which  are  disintegrating  epithelial  cells,  a  few  large  mononu- 
clear cells  (phagocytes),  and  numerous  eosinophiles  which  in 
many  instances  are  completely  disintegrated.  The  latter  cells 
are  found  constantly  and  appear  to  be  the  earliest  cells  to 
invade  the  epidermis  about  the  foreign  hair.  Many  occur 
with  irregular  pseudopodia-like  processes  as  though  fixed 
when  in  ameboid  motion.  The  disintegration  of  these  cells 
forms  masses  of  eosin-staining  granules  which  are  found  in 
the  spaces  in  the  epidermis.  In  certain  instances  the  space 
in  the  epidermis  occupied  by  the  exudate  appears  continu- 
ous with  a  dilated  lymphatic.  There  is  marked  inflammatory 
reaction  in  the  corium  as  shown  by  the  presence  of  large  col- 
lections of  cells  about  the  blood  vessels.  These  collections 
of  cells  consist  of  large  mononuclear  (or  transitional)  cells 
which  are  often  phagocytic,  of  lymphoid  cells,  and  of  numerous 
eosinophiles.    An  occasional  polynuclear  leucocyte  is  found. 

Thus  the  process  in  the  human  skin  consists  of  the  pene- 
tration of  the  nettling  hairs  into  or  through  the  epidermis,  the 
necrosis  of  contiguous  epidermal  cells,  and  exudation  into 
the  epidermis,  a  constant  element  in  which  are  numbers  of 
eosinophile  cells.  There  is  undoubtedly  local  congestion  and 
edema  of  the  corium,  but  this  did  not  appear  to  any  marked 
degree  in  the  sections  studied. 
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As  the  amount  of  inoculable  material  at  hand  was  small, 
but  few  animal  inoculations  were  performed.  Mice  were 
inoculated  subcutaneously  and  intraperitoneally  with  both 
active  nettling  hairs  and  nettling  hairs  inactivated  by  soaking 
in  a  dilute  solution  of  an  alkali.  The  nettling  hairs  were 
made  practically  sterile  by  boiling  for  ten  minutes  in  strong 
alcohol,  a  process  which  does  not  destroy  their  specific 
action,  and  then  suspended  in  a  .6  percent  solution  of  sodium 
chloride.  Probably  on  account  of  the  tendency  of  the  fresh, 
active  nettling  hairs  to  rise  to  the  surface  of  the  suspension 
fluid,  only  a  small  number  were  injected,  for  they  were  found 
with  difficulty  in  the  tissue.  The  inactivated  nettling  hairs,  on 
the  other  hand,  were  evenly  distributed  in  the  suspension  and 
were  found  in  the  tissue  in  large  numbers.  Some  of  the  mice, 
more  especially  those  receiving  the  active  nettling  hairs* 
showed  evidence  of  intense  itching  of  the  skin  at  the  site  of 
inoculation.  Fifteen  hours  after  the  inoculation,  a  slight  sub- 
cutaneous swelling,  more  marked  in  certain  of  the  mice  which 
had  been  inoculated  with  active  nettling  hairs,  was  distinguish- 
able. 

A  mouse  killed  twenty-four  hours  after  inoculation  with 
active  nettling  hairs  showed  an  ill-defined,  pinkish  tinged 
area  of  subcutaneous  edema  at  the  site  of  injection.  Stained 
sections  of  this  area  show  skin  as  well  as  subcutaneous  tissue 
distended  with  fluid  exudate.  Large  numbers  of  polynuclear 
leucocytes  are  present,  scattered  through  the  tissue.  No 
nettling  hairs  are  present  in  that  portion  of  the  lesion  from 
which  the  sections  are  taken.  The  peritoneum  presented  no 
gross  lesion.  Stained  preparations  of  the  mesentery  show 
numerous  minute  inflammatory  foci,  consisting  of  aggrega- 
tions of  phagocytic  cells,  intermingled  with  lymphoid  cells. 
There  is  also  a  small  number  of  polynuclear  leucocytes  scat- 
tered through  the  mesentery.  The  nettling  hairs  are  often 
apparent  within  these  foci  of  inflammation. 

A  mouse  killed  twenty-four  hours  after  inoculation  with 
the  inactivated  nettling  hairs  presented  a  small  well  defined, 
dull  reddish  area  on  the  inner  aspect  of  the  skin  at  the  site 
of  inoculation.      Sections    of    this  lesion    show    enormous 
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numbers  of  nettling  hairs  imbedded  at  about  the  level  of  the 
superficial  muscle  layer,  the  fibers  of  which  are  here  either 
degenerating  or  necrotic.  Some  fibers  are  actually  pierced 
by  the  hairs.  In  the  immediate  vicinity  of  the  injury  are 
large  numbers  of  polynuclear  leucocytes,  many  of  which  are 
disintegrated.  There  is  practically  no  distension  of  the  sur- 
rounding tissue  with  fluid.  On  the  peritoneum  of  this  mouse 
were  several  minute  whitish  flecks  apparent  to  the  naked 
eye.  The  histological  study  of  the  mesentery  and  omentum 
reveals  very  numerous  foci  of  inflammation  of  the  same 
general  character  as  those  found  in  the  mouse  inoculated 
with  the  active  nettling  hairs.  These  inflammatory  areas 
consist  chiefly  of  collections  of  phagocytic  cells  grouped 
about  the  nettling  hairs.  Lymphoid  cells  are  not  so  numer- 
ous as  in  the  lesions  of  the  mesentery  in  the  preceding  case. 
In  mice  killed  forty-eight  hours  after  the  inoculation  the 
subcutaneous  lesions  were  scarcely  distinguishable  and,  on 
account  of  the  difficulty  of  orientation,  the  sections  made  did 
not  pass  through  the  lesions.  The  mesenteries,  in  addition 
to  the  cells  already  described,  show  numerous  stellate  cells, 
probably  fibroblasts. 

The  results  of  these  few  animal  inoculations  show  clearly 
one  point  of  difference  between  the  lesions  produced  by  the 
active  nettling  hairs  and  the  lesions  produced  by  those  which 
have  been  inactivated.  The  lesion  produced  by  the  subcu- 
taneous inoculation  of  the  active  nettling  hairs  shows  a  much 
greater  amount  of  fluid  exudate  than  is  the  case  in  the  lesion 
produced  by  inactivated  nettling  hairs.  This  fact  tends  to 
support  the  view  that  the  action  of  the  nettling  hairs  is  not 
purely  a  mechanical  one. 

SUMMARY   AND    CONCLUSIONS. 

The  most  important  facts  thus  far  ascertained  concerning 
the  brown-tail  moth  dermatitis  may  be  summarized  as  follows : 

The  lesions  are  produced  by  the  penetration  into  the 
epidermis  of  peculiarly  modified  microscopic  hairs,  the  net- 
tling hairs,  which  are  sharply  pointed  and  barbed  for  their 
entire  length.     The  other  hairs  of  both  the  caterpillar  and 
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the  moth  do  not  produce  any  dermatitis.  These  nettling 
hairs  develop  on  the  caterpillar  but  are  also  found,  as  the 
result  of  direct  transference,  on  the  cocoons,  moths,  egg 
masses,  and  in  the  winter  webs,  and  are  blown  about  in  the 
air.  They  develop  on  the  subdorsal  tubercles  of  the  fifth 
and  sixth  segments  of  the  young  caterpillars,  but  are  much 
more  numerous  as  the  caterpillars  attain  their  growth,  being 
then  found  on  the  subdorsal  and  lateral  tubercles  from  the 
fifth  to  the  twelfth  segment,  inclusive.  The  caterpillars  are 
then  very  poisonous. 

The  nettling  hairs,  which  from  their  shape  are  perfectly 
adapted  for  penetration,  possess  in  addition  an  irritating  sub- 
stance which  is  undoubtedly  an  important  factor  in  the 
production  of  the  dermatitis. 

This  substance  may  be  destroyed  by  heating  the  nettling 
hairs  at  1 1 50  C,  either  in  a  fluid  or  with  dry  heat,  or  it  may 
be  extracted  from  them  by  certain  solvents  such  as  dilute 
solutions  of  alkalies  at  room  temperature,  or  water  heated  to 
6o°  C.  Nettling  hairs  inactivated  by  either  of  these  measures 
produce  no  more  than  a  slight  redness  when  rubbed  into  the 
skin,  and  probably  act  then  merely  as  foreign  bodies. 

An  index  for  the  presence  of  the  irritating  substance  is 
found  in  a  peculiar  reaction  which  takes  place  when  the 
active  nettling  hairs  are  mingled  with  a  drop  of  blood 
between  slide  and  cover-glass.  This  reaction  begins  about 
the  point  of  the  hair  but  spreads  rapidly  so  that  a  large  area 
is  involved.  The  first  change  is  the  breaking  up  of  the 
rouleaux  of  red  blood  corpuscles.  The  corpuscles  then 
become  coarsely  crenated,  later  are  spherical  with  slender 
spines  protruding  from  the  surface,  and  finally  appear  per- 
fectly spherical  and  closely  packed.  If  the  irritating  sub- 
stance has  been  previously  either  inactivated  by  heat  or 
extracted  from  the  nettling  hairs  they  no  longer  give  this 
reaction  with  the  red  blood  corpuscles. 

The  dermatitis  produced  by  the  nettling  hairs  is  of  two 
types,  dependent  upon  the  number  of  these  elements  pene- 
trating a  given  area.  The  severe  type  is  usually  due  to 
actual  contact  with  caterpillars;  the  milder  scattered  rash  is 
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due  to  nettling  hairs  blown  in  the  air  and  lodging  on  the  skin 
or  on  the  undergarments  as  they  hang  drying.  The  patho- 
logical process  in  the  skin  consists  of  necrosis  of  the  epider- 
mal cells  around  the  nettling  hairs,  the  formation  of  spaces 
or  microscopic  vesicles  in  the  epidermis  at  the  site  of  injury, 
and  inflammatory  changes  about  the  vessels  of  the  corium. 
Mice  inoculated  with  active  nettling  hairs  present  lesions 
characterized  by  a  large  amount  of  fluid  exudate,  while  those 
inoculated  with  inactivated  nettling  hairs  show  inflammation 
of  the  nature  of  a  reaction  due  to  the  mechanical  injury 
brought  about  by  these  elements. 
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DESCRIPTION  OF  PLATE. 

Fig.  i«  —  Human  skin  excised  twenty  hours  after  being  robbed  lightly 
with  a  small  brown-tail  caterpillar.  The  nettling  hair  has  penetrated 
only  the  superficial  layers  of  the  epidermis.  About  it  a  minute  quantity 
of  fluid  separates  the  horny  layer;  its  point  is  embedded  in  a  mass  of 
deeply  staining  coagulant  in  which  are  necrotic  epidermal  cells. 

Fig.  2.  —  A  section  from  another  portion  of  the  same  piece  of  excised 
skin.  The  point  of  the  nettling  hair  has,  in  this  instance,  passed  through 
the  epidermis  and  penetrated  the  coriarn.  A  more  or  less  conical  mass  of 
sequestrum  marks  its  course.  A  small  number  of  leucocytes  are  present 
in  the  tissue  a  boot  the  injury.  (Since  the  point  of  the  nettling  hair 
showed  but  faintly  in  this  photograph  its  outline  has  been  sharpened  for 
purposes  of  reproduction.) 

Fig,  3*  —  A  section  of  a  caterpillar  showing  the  nettling  hairs  as  they 
are  developed  upon  its  skin.  An  area  of  cuticle  is  shown  upon  which  are 
numerous  rounded  sockets  each  of  which  bears  a  number  of  nettling  hairs 
with  their  points  inserted  in  the  sockets.  Below  this  area  is  a  mass  of 
long  futiform  cells,  and  to  the  left  is  a  large  deeply  stained  cell  marking 
the  insertion  of  one  of  the  coarse  hairs  of  the  caterpillar. 

FlG.  4-  —  A  minute  cavity  formed  about  a  nettling  hair  which  has  pene- 
tru'ed  the  epidermis.  Adherent  to  the  nettling  hair,  the  point  of  which  is 
directed  t/>  the  right,  is  a  mass  of  deeply  stained  coagulum.  The  fluid  in 
the  cavity  contain*  degenerated  cells.  (Magnification  greater  than  in 
other  figures.; 

Yu»,  v  —  A  lesion  showing  the  effect  of  excoriation  of  the  affected  area. 
A  minute  portion  of  the  epidermis  is  necrotic  and  is  included  in  a  small 
cru»k  The  nettling  hair  does  not  appear  and  has  probably  been  rubbed 
sway.    There  is  considerable  cellular  exudation  into  the  subjacent  corium. 
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trypanosomes  of  the  trumpter  hornbill  (bycanistes 

buccinator).* 

BY 
THE  LATE 

J.  Everett  Dutton,  M.B.,   Vict.%    John  L.  Todd,  B.A.,  M.D.,  AfcGill, 

AND 

E.  N.  Tobey,  A.M.,  M.D.,  Harvard. 

( From  the  Runcorn  Research  Laboratories  of  the  'Liverpool  School  of  Tropical 

Medicine.) 

Two  distinct  trypanosomes,  one  small,  the  other  large, 
were  seen  in  a  bird  of  this  species  shot  near  Coquilhatville 
in  the  Congo  Free  State  in  1 904.  J 

The  smaller  trypanosomes  (Figs.  1,  2,  3,  4,  5,  6)  were  by 
far  the  most  numerous.  Their  appearance  in  stained  speci- 
mens varies  very  considerably  so  that  it  is  possible  to 
describe  three  distinct  types,  although  forms  intermediate 
between  them  can  be  distinguished.  These  may  be  called 
the  " slender"  (Figs.  1,  2),  "broad"  (Figs.  3,  4),  and 
"stumpy"  (Figs.  5,  6)  forms  in  accordance  with  their 
general  appearance.  To  some  extent  the  structure  of  these 
forms  varied  with  their  dimensions.  The  stouter  forms 
usually  stained  more  lightly,  had  the  looser  cytoplasm,  had 
no  vacuole  at  the  posterior  extremity,  and  their  large  nuclei 
did  not  extend  completely  across  their  bodies. 

This  association  of  qualities  was  not  constant,  however, 
and  all  gradations  were  seen  between  forms  possessing  them 
and  the,  as  a  rule,  darkly-staining  and  more  compact  slender 
forms.  All  these  forms  are  therefore  considered  to  be  merely 
variations  of  one  parasite  which  may  be  described  as  follows  : 

The  blepharoplast  stains  very  densely  and  more  darkly 
than  either  nucleus  or  flagellum.  Its  position  may  vary 
from    the    extreme    posterior  extremity,  particularly  in  the 

*  Received  for  publication  Dec.  18,  1906. 

fThe  material  on  which  these  observations  are  based  was  collected  by  the  Expedi- 
tion of  the  Liverpool  School  of  Tropical  Medicine  to  the  Congo.  Fresh  specimens 
were  cursorily  examined  at  the  time  the  parasite  was  found,  while  dried  Minis  were 
made,  stained  with  a  modification  of  Romanowsky's  method  and  preserved  for  a  future 
examination.  The  appearances  described  in  the  text  and  illustrated  in  the  plate  were 
seen  in  these  specimens  with  a  Zeiss,  two  millimeters,  apochromatic  objective,  fitted  to 
a  tube  length  of  two  hundred  and  fifty  millimeters,  and  a  number  eight  eye  piece.  The 
figures  are  based  on  careful  measurements  and  were  made  without  drawing  apparatus. 
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"broad"  and  "stumpy  forms,"  to  a  spot  i/i  or  more  from 
the  end  of  the  parasite  (Fig.  i).  It  is  oblong  in  shape  and 
is  seen  to  be  granular,  and  in  several  specimens  at  least  four 
granules,  sometimes  arranged  in  pairs,  could  be  counted 
(Fig.  6).  Although  the  arrangement  of  these  granules 
occasionally  suggested  commencing  division,  none  of  the 
ordinary  longitudinal  division  forms  were  seen.  The  bleph- 
aroplast  may  be  placed  longitudinally,  obliquely  or  trans- 
versely in  the  parasite.  Just  anterior  to  it  there  is  often  a 
well-defined  vacuole  or,  when  that  is  absent,  a  more  lightly 
stained  area. 

The  nucleus  frequently  extends  completely  across  the 
body  of  the  parasite,  and  is  almost  always  surrounded  by  an 
area  stained  more  lightly  than  is  the  remainder  of  the  para- 
site. The  relation  between  the  size  of  the  nucleus  and  the 
type  of  parasite  varies  considerably;  as  a  rule  in  the 
"  broad "  and  "  stumpy "  forms  the  nucleus  seems  rela- 
tively larger,  of  looser  texture  and  stains  more  lightly. 
Chromatic  granules,  number  undetermined,  occur  in  the 
nucleus  of  each  type  of  trypanosome  (Fig.  i). 

In  several  preparations  (Figs.  3,  6)  two  small  darkly- 
stained  and  closely-opposed  chromatinic  granules  surrounded 
by  a  pinkish  area  occur  in  close  connection  with  the  nucleus, 
but  just  outside  the  nuclear  membrane.  In  one  instance  a 
well-marked  chain  of  oblong  twin  chromatinic  granules  runs 
forward,  in  an  unstained  area,  from  the  anterior  edge  of  the 
vacuole  for  about  a  quarter  of  the  distance  between  the 
blepharoplast  and  the  nucleus.  This  structure  recalls  a 
similar  appearance  observed  in  Trypanosoma  karyozenkton} 

Whether  staining  deeply  or  lightly  the  cytoplasm  of  the 
small  trypanosomes  is  always  granular,  but  the  fineness  of 
the  granules  varies  greatly.  Well-marked  striations  of  the 
protoplasm  occur  in  each  form,  although  they  are  best  seen 
in  the  stouter  ones  (Figs.  3,  4,  5). 

The  striations  are  evidently  a  superficial  structure,  and 
are  usually  wound  spirally  about  the  parasite.  In  some 
specimens  a  single  striation  can  be  followed  for  almost  two 
complete  turns  (Figs.  4,  5).     From  their  arrangement  it  is 
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very  difficult  to  estimate  the  number  of  striations,  but  there 
seem  to  be  about  eight  (Figs.  4,  5). 

The  whole  parasite  is  enclosed  in  a  pink-staining  periplast 
which  can  be  plainly  seen  at  the  posterior  extremity,  and  in 
some  parasites  all  along  the  edge  of  the  body  where  it  is 
unobscured  by  the  undulating  rpembrane  (Fig.  3).  As  is 
shown  in  Fig.  4,  the  striations  are  continued  in  the  periplast 
at  the  posterior  end  of  the  parasite  after  the  darkly-staining 
cytoplasm  has  ended.  The  ample  undulating  membrane 
seems  relatively  widest  in  the  "  slender  forms." 

The  usual  dimensions  of  each  form  are  given  in  the  follow- 
ing table : 


I*  

II 

Ill 

IV 

v 

VI.  (breadth) 

VII.  (total  length) 


Stumpy  Form. 


I. Op 

a.Ofi 

7-3fl 
7.8// 
7.0/4 


Broad  Form. 

1.6/* 

8.0/t 

2.4/1 
I  O.4/1 

8.0/i 

4.8// 
30.14/* 


Slender  Form. 


1.6// 
10.4/1 
2.0/X 
7.2/i 
9.6/i 
2.8// 
30.8// 


*  I.  Posterior  extremity  to  center  of  blepharoplast. 

II .  Center  of  blepharoplast  to  posterior  border  of  the  nucleus. 

III.  Length  of  nucleus. 

IV.  Anterior  border  of  nucleus  to  anterior  extremity  of  the  body. 
V.  Length  of  the  free  nagellum. 

VI.  Width  of  the  body,  without  undulating  membrane,  at  its  widest  part. 

VII.  Usual  total  length  of  the  parasite. 

Only  two  examples  of  the  large  trypanosome  (total  length 
about  64fi)  were  obtained.  Unfortunately  both  are  so» 
obscured  by  surrounding  red  cells  that  it  is  impossible  to 
reproduce  them.  Their  blepharoplast  is  placed  much  nearer 
to  the  nucleus  than  to  the  posterior  extremity  (and  in  one 
instance  in  a  vacuole).  The  nucleus  almost  extends  across 
the  body.  The  undulating  membrane  is  ample,  and  the 
flagellum  seems  to  be  comparatively  short.     The   body   of 
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the  parasite  is  striated  longitudinally.  At  the  level  of  the 
nucleus  only  seven  of  the  probably  eight  striations  could  be 
counted.  In  one  parasite  appearances  resembling  longitudi- 
nal striations  were  present  in  the  undulating  membrane. 
The  dimensions  of  this  type  are,  posterior  extremity  to  center 
of  blepharoplast  28.3/x.  (in  one  parasite  only  17 fi),  center  of 
blepharoplast  to  posterior  border  of  nucleus  3.3ft,  length  of 
nucleus  3.3/*,  anterior  border  of  nucleus  to  termination 
of  body  1 8. 3ft,  free  flagellum  8. 3ft,  width  5.8ft. 

At  Coquilhatville  lack  of  time  prevented  a  careful  exam- 
ination of  the  parasite  in  fresh  preparations.  Some  months 
later  another  hornbill  was  shot  and  its  blood  was  found  to 
contain  trypanosomes  resembling  the  small  type  described 
above.  Fresh  coverslip  preparations  of  blood  were  kept  at 
room  temperature  (220  C.)  and  watched  for  some  hours  by 
Dr.  Inge  Heiberg.  Two  hours  after  the  preparation  was 
made,  normal  parasites  were  still  seen.  Occasionally  pairs 
occurred  joined  by  their  flagella.  After  three  hours  both 
normal  and  very  short  stumpy  parasites  were  seen,  while 
after  four  hours,  longitudinally  dividing,  spherical  and  irregu- 
lar, certainly  degenerating,  parasites  were  present. 

Eighteen  hours  after  the  preparation  was  made  dividing 
forms,  similar  to  those  seen  at  the  fourth  hour,  were  still 
present,  while  a  stouter  trypanosome  than  those  seen  at  the 
commencement  of  the  observation  now  appeared  for  the  first 
time. 

One  parasite,  watched  for  the  first  three  hours  following 
the  making  of  the  preparation,  was  seen  to  undergo  the 
changes  illustrated  in  the  accompanying  diagram. 
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DESCRIPTION  OF  PLATE. 

Fig.  1.  —  "  Slender  H  form. 
Fig.  2.  —  •«  Slender"  form. 
Fig.  3.  —  "  Broad  "  form. 
Fig.  4.  —  «•  Broad  "  form. 
Fig.  5.  —  ««  Stumpy  "  form. 

Fig.  6.  —  " Stumpy"  form ;  evidently  degenerated  but  produced  to  show 
structure  of  blepharoplast  and  nuclear  granules. 
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THE  URICOLYTIC  ENZYME.* 

{Second  Contribution.) 

A.  E.  Austin,  M.D. 
{From  the  Medical  Chemistry  Laboratory  of  Tufts  College.) 

In  my  first  contribution l  on  this  subject  objections  were 
raised  to  the  results  of  others  because  alkalis  were  used  in 
the  solution  of  the  uric  acid  added,  by  which  the  digestive 
mixture  was  rendered  alkaline,  an  alkalinity  which  by  itself 
at  280  C.  in  pure  watery  solution  was  found  sufficient  to 
destroy  a  large  amount  of  the  acid  added.  This  as  can  be 
readily  seen  masks  the  efficiency  of  the  enzyme  since  a  part 
of  its  apparent  efficacy  may  be  due  to  the  splitting  action  of 
the  alkali.  Again  in  the  Salkowski-Ludwig  method  of  de- 
termining uric  acid,  sodium  sulphide  is  used  with  heat  for 
separating  the  silver  from  the  silver-magnesium  urate  which 
also  has  a  tendency  to  split  the  uric  acid  present. 

Burian2  concedes  that  in  alkaline  uric  acid  solutions 
the  acid  is  destroyed  when  oxygen  is  led  through  the  mix- 
ture, but  my  results  have  shown  that  it  is  also  destroyed  when 
no  oxygen  is  employed.  In  my  work  the  time  of  digestion 
was  extended  to  seventy-two  hours  instead  of  Burian's  ten 
hours  (limit)  and  the  destruction  by  this  means  at  380  C. 
increased  with  the  time  of  exposure.  Schittenhelm8  makes 
no  mention  of  the  effect  of  the  alkali  used  in  solution  upon  uric 
acid,  hence  we  assume  that  he  regards  it  of  no  importance ; 
yet  he  uses  solutions  of  sodium  hydrate  of  only  .08  per 
cent  and  in  the  same  article  (on  page  164)  where  cooked 
enzyme  solution  is  used,  which  of  course  excludes  all  possi- 
bility of  the  digestive  action  of  the  ferment,  lost  one-sixth  of 
the  added  uric  acid,  a  result  which  apart  from  the  error  in 
determination  shows  the  destructive  effect  of  the  alkali,  joined 
with  warmth  upon  the  acid.  Hence  in  my  second  series  of 
experiments  with  one  exception,  to  verify  the  work  of  Schit- 
tenhelm, only  those  weaker  alkalis  like  disodium  phosphate, 
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sodium  bicarbonate,  and  lithium  carbonate  were  used  to  dis- 
solve the  uric  acid  when  added  to  enzymatic  extracts.  As 
my  previous  experience  showed  that  a  current  of  air  did  not 
materially  increase  the  amount  of  uric  acid  destroyed,  it  was 
omitted  in  these  experiments.  Burian  9  employed  compressed 
oxygen  in  all  but  two  experiments,  but  as  in  these  the  acid 
was  added  in  substance  and  not  previously  dissolved  in  alkali, 
the  comparison  was  not  a  fair  one.  Under  these  conditions, 
however,  he  found  an  increased  destruction  of  the  acid  when 
oxygen  was  used  over  that  when  it  was  not.  On  account  of 
the  dangers  of  cooking  uric  acid  with  alkali  as  mentioned 
above,  the  magnesium-silver  salt  of  the  acid  was  always  de- 
composed by  hydrogen  sulphide  unless  otherwise  mentioned, 
after  being  lightly  acidified  with  hydrochloric  acid.  There  is 
a  danger  in  this  method,  of  course,  that  some  of  the  uric  acid 
may  be  thrown  down  and  lost  in  the  silver  sulphide  resulting, 
but  if  filtered  hot,  the  sulphide  cooked  out  with  weak  sodium 
carbonate  solution,  and  well  washed  with  hot  water,  this  error 
is  reduced  to  a  minimum.  In  order  to  insure  the  accuracy 
of  the  amount  of  uric  acid  obtained  from  the  digestive  mix- 
tures as  well  as  its  purity,  it  was  weighed  in  many  cases  after 
thorough  washing  with  water,  alcohol,  carbon  disulphide  and 
ether,  and  then  its  nitrogen  determined  by  Kjeldahl  from 
which  by  use  of  the  factor  three  the  amount  was  also  calcu- 
lated. Purification  of  the  final  product  by  solution  in  strong 
sulphuric  acid  (.1  gram  unpurified  uric  add  to  two  cubic 
centimeters  acid)  and  reprecipitation  by  the  addition  of  four 
times  as  much  water  was  also  attempted,  but  a  distinct  loss 
was  always  shown :  for  instance,  three-tenths  of  a  gram  of 
Schuchard's  preparation  treated  in  this  way  showed  a  loss  of 
.0052  gram  or  1.7  percent;  .3307  gram  of  the  same  prepara- 
tion treated  in  the  same  way  showed  a  loss  of  .0062  gram 
or  1.8  per  cent  —  hence  this  method  of  purification  is  not  safe 
without  a  correction. 

Both  the  methods  of  Rosell4  and  precipitation  with 
ammonium  sulphate  followed  by  dialysis  were  used  in 
isolating  the  enzyme  from  organs;  each  has  its  disadvan- 
tages.    The    former   requires    long   periods   of  shaking   to 
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remove  the  ferment,  while  the  latter  demands  long  continu- 
ance of  the  dialysis  against  running  water  to  remove  the  salt. 
With  the  simple  extraction  of  the  organs  with  chloroform 
water  as  used  by  Burian,  I  have  had  no  experience.  The 
method  of  Rosell  affords  a  solution  much  more  free  from 
albuminous  material,  but  apparently  purin  bases  which  are 
liable  to  be  converted  into  uric  acid  are  well  represented  in 
the  extract.  On  account  of  this  extreme  sensitiveness  of 
uric  acid  to  alkali  and  heat,  it  is  very  essential  that  the 
digestions  with  their  alkaline  reaction  should  be  carefully 
neutralized  before  an  attempt  is  made  to  heat  them  for  the 
removal  of  whatever  albumin  may  be  present. 

The  effect  of  alkalis  in  splitting  uric  acid.  —  In  order  to 
determine  how  important  a  feature  the  alkali  may  be  in 
splitting  uric  acid  at  3 8°  C.  a  series  of  digestions  were  pre- 
pared with  disodium  phosphate,  sodium  bicarbonate,  lithium 
carbonate  and  weak  sodium  hydrate  of  the  strength  used  by 
Schittenhelm.  The  uric  acid  (both  Schuchard's  and  Merck's 
were  used)  was  rubbed  up  with  successive  portions  of  the 
solvent  (alkali  and  four  hundred  cubic  centimeters  water) 
and  removed  to  a  Mason  jar  which  was  tightly  stoppered  and 
kept  on  ice  or  at  380  C.  as  the  case  might  be. 

The  results  of  these  digestions  may  be  seen  in  Table  I. 
which  follows : 
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From  a  perusal  of  the  above  figures  it  may  be  seen  how 
sensitive  uric  acid  is  to  the  action  of  alkalis;  even  in  the 
cold  the  action  does  not  cease,  although  of  course  it  is  not  so 
effective  as  with  warmth.  In  order  to  guard  against  the 
possibility  that  the  isolated  acid  might  not  be  fully  destroyed 
by  the  Kjeldahl  process  as  suggested  by  Kutscher  and 
Steudel,6  .3  gram  of  the  same  acid  employed  in  the  experi- 
ments was  converted  to  ammonium  sulphate  and  its  nitrogen 
determined,  which  gave  .1001  gram  or  33.36  per  cent  of 
nitrogen,  the  equivalent  of  .3003  gram  uric  acid.  Of  all  the 
alkalis  used,  sodium  carbonate  seemed  to  be  the  least 
destructive,  but  it  was  found  utterly  impossible  to  dissolve 
the  acid  to  the  extent  stated  by  Burian,  who  used  only  twenty 
cubic  centimeters  of  a  half  normal  solution  of  sodium  car? 
bonate  with  twenty  cubic  centimeters  hot  water  to  three 
hundred  and  sixty  cubic  centimeters  of  the  organ  extract  for 
.5  gram  uric  acid.  This  method  was  closely  followed  by  me, 
but  a  portion  of  the  acid  always  fell  out  of  solution  and  I 
was  forced  to  have  recourse  to  stronger  solutions  of  this  and 
other  alkalis.  Next  apparently  comes  disodium  phosphate, 
then  lithium  carbonate ;  while  last  and  most  destructive  of 
all  is  sodium  hydrate,  which,  though  used  in  the  same 
strength  as  Shittenhelm  used  it  of  only  .024  gram  to  four  hun- 
dred cubic  centimeters  fluid,  has  a  most  energetic  action  on 
uric  acid,  and  attention  is  called  once  more  to  the  apparent 
indifference  with  which  the  above  author  passes  over  the  loss 
of  one-sixth  of  his  uric  acid.  If  as  apparent  this  acid  is  so 
readily  broken  up  by  alkali,  how  can  it  persist  in  the  blood, 
for  in  several  instances  where  the  loss  was  marked,  the  alka- 
linity of  these  mixtures  as  shown  by  titration  with  N/2  5, 
tartaric  acid  is  not  as  great  as  that  of  the  blood  under  similar 
circumstances.  For  instance,  in  nine  the  alkalinity  deter- 
mined in  this  way  was  equal  to  only  .073  gram  NaOH  in 
one  hundred  cubic  centimeters,  while  in  ten  it  was  only  .096 
in  one  hundred  cubic  centimeters.  The  effect  of  lithium 
carbonate  is  equally  as  well  marked,  nor  is  there  any 
improvement  but  the  reverse  when  sodium  sulphide  is  used 
for  the  removal  of  the  silver,  as  would  be  expected.     In  spite 


ie  great  rapidity  with  which  filtration  was  accomplished 
leleterious  effect  of  the  sodium  sulphide  can  be  seen;  as 
also  be  seen  from  the  nitrogen  determinations  the 
ted  uric  acid  was  somewhat  contaminated,  since  the 
ints  determined  by  weighing  and  determination  from 
gen  do  not  exactly  correspond. 

izymatic  action  of  organ  extracts  on  uric  acid.  — Since 
Hum  phosphate  has  apparently  the  least  destructive  effect 

uric  acid  of  the  alkalis  used,  this  was  employed  as  a 
:nt.  The  organs  which  were  extracted  for  an  enzyme  were 
)leen  and  liver,  and  a  human  liver  obtained  twenty-four 
s  after  the  death  of  the  victim  from  accident.  Owing  to 
difficulty  of  obtaining  a  solution  entirely  free  from 
nin  by  boiling  the  digestive  mixture  with  acetic  acid  and 
1m  chloride,  the  method  of  V.  Schroder s  was  followed, 
:  the  silver  forms  a  colloid  substance  with  any  albumin 
:nt,  which  is  very  difficult  to  decompose  with  hydrogen 
iide.  In  every  case  ample  protection  against  bacterial 
n  was  afforded  by  saturating  the  mixture  with  chloro- 

and  then  pouring  in  toluol  until  it  formed  a  layer  over 
urface  of  the  fluid.  The  results  of  these  experiments 
be  seen  in  Table  II. 
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r  be  said  that,  in  every  instance,  great  care  was 
t  an  excess  of  silver  was  added  and  this  fact  always 
iy  making  a  portion  of  the  filtrate  acid  by  the  addi- 
itric  acid  by  which  the  silver  chloride  is  rendered 
Great  care  was  taken  also  that  the  solution 
:  at  least  neutral  before  it  was  cooked  to  remove  the 
present.  Upon  examining  the  results  we  note  at 
with  the  exception  of  ox  spleen  there  is  no  marked 
that  a  uric  acid  splitting  enzyme  is  present. 
the  marked  effect  of  the  alkali  is  seen  at  once, 
hose  portions  which  were  kept  on  ice  there  is  evi- 
at  alkali  was  active,  while  in  the  portion  which  was 
tie  activity  of  the  alkali  is  distinctly  seen,  since  in 
:  greatest  loss  occurs,  instead  of  in  C  where  the 
loss  should  have  occurred,  were  there  an  efficient 
present.  In  the  case  of  human  liver,  a  slight 
>n  above  what  is  clearly  due  to  the  alkali  is  seen. 
en,  where  no  alkali  at  all  was  used,  the  results  of 
are  much  better,  though  there  is  apparently  but 
traction,  which  may  be  attributed  to  a  possible 
Further,  in  this  case,  there  must  be  a  loss  from 
to  separate  the  acid  from  the  albumin  coagulum, 
nt  of  its  slight  solubility  in  water.  On  the  whole 
say  that  evidences  of  enzymatic  action  are  shown 
ie  extract  from  the  ox  spleen. 

ts  of  the  splitting  of  uric  acid.  —  In  my  last  com- 
>n  attention  was  called  to  the  fact  that  oxalic  acid 
toin  were  both  found  as  a  product  of  splitting,  of 
;  allantoin  was  too  small  in,  amount  to  be  verified 
n  by  its  microscopic  appearance,  which  was  com- 
h  a  preparation  obtained  by  the  action  of  potassium 
,nate  on  pure  uric  acid;  these  products  were  very 
the  form  of  their  crystals  and  in  their  arrangement, 
omicro-Taphs  were  obtained  of  them  for  future 
In  this  series  of  experiments  urea  was  also  sought 
ount  of  the  ready  union  of  glyoxylic  acid  and  urea 
llantoin.  from  the  former  of  which  oxalic  acid  may 
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be  readily  formed.  As  is  well  known,  uric  acid  may  be  con- 
verted by  oxidation  to  urea  and  oxalic  acid  through  alloxan 
and  parabanic  acid.  Hence  there  are  two  possibilities  in  the 
splitting  of  uric  acid,  in  both  of  which  the  final  products  are 
oxalic  acid  and  urea.  The  method  employed  was  as  fol- 
lows :  The  filtrate  left  from  the  precipitate  of  uric  acid  was 
acidified  strongly  with  hydrochloric  acid  and  repeatedly 
extracted  with  ether,  the  ethereal  extracts  treated  according 
to  Salkowski7  for  oxalic  acid;  the  remaining  watery  fluid 
was  evaporated  to  dryness  and  extracted  with  absolute 
alcohol,  which  will  dissolve  the  urea  but  not  the  allantoin,  and 
the  usual  tests  applied  to  the  residue  from  the  alcoholic 
extract.  The  residue  after  extraction  by  alcohol  was  dis- 
solved in  a  little  water,  filtered  and  treated  as  described  in 
my  former  communication.  In  eight  cases  where  the  split- 
ting was  produced  by  alkali  and  warmth,  oxalic  acid  was 
found  in  five  and  absent  in  three,  while  urea  and  allantoin 
were  not  found  at  all.  In  six  digestions  where  the  uric  acid 
was  subjected  to  an  organic  extract  and  alkali,  oxalic  acid 
was  found  in  three  cases  and  absent  in  three,  while  urea  and 
allantoin  were  not  found  at  all. 

We  cannot  exclude  the  possibility  that  this  splitting  was 
due  to  the  alkali  alone  since  in  the  third  digestion,  where 
every  opportunity  was  given  for  the  most  energetic  action  of 
the  supposed  enzyme,  oxalic  acid  did  not  appear  more  fre- 
quently than  in  the  first  and  second,  where  cold  in  the  first 
and  cooking  in  the  second  should  have  destroyed  the  enzy- 
matic action.  It  is  quite  apparent,  however,  that  oxalic  acid 
is  a  fairly  common  product  of  the  splitting  of  uric  acid  by 
alkali.  Whether  this  is  through  alloxan  and  parabanic  acid 
or  through  allantoin  cannot  as  yet  be  determined,  for  if 
allantoin  is  formed  as  appears  probable  from  its  occasional 
appearance,  then  it  must  be  further  broken  up  and  form 
oxalic  acid. 

Reversibility  of  enzyme. — Many  of  the  known  enzymes 
have  a  reversible  action,  in  other  words,  put  together  the 
substances   which   they   have   split   from  a   more    complex 
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substance,  to  form  the  latter.  We  need  only  mention  in  illus- 
tration maltase,  which  can  split  maltose  into  two  molecules  of 
dextrose  and  again  unite  the  latter  to  form  maltose.  Therefore 
in  order  to  demonstrate  further  the  actual  existence  or  non- 
existence of  uricolytic  enzyme,  attempts  were  made  to  unite 
various  substances  which  either  by  chemical  means  or  by 
biological  action  have  been  made  to  form  uric  acid  or  have 
been  split  off  from  it.  Such  substances  according  to 
Wiener8  are  lactic  acid,  oxalic  acid,  and  glycerine.  An 
extract  was  prepared  from  ox  liver  according  to  the  method 
of  Rosell  mentioned  above,  and  in  this  in  definite  quantities 
these  three  substances  were  brought  singly  with  urea  well 
protected  by  chloroform  and  toluol  and  placed  in  the  brood 
oyen.  At  the  same  time  a  control  was  made  of  the  extract 
alone,  because  purin  bases  may  be  present  in  such  extracts 
which  may  be  readily  converted  to  uric  acid.  The  results  of 
these  experiments  will  also  be  found  arranged  in  the  table 
which  follows : 
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It  can  be  plainly  seen  that  the  control  to  which  nothing 
was  added  contains  approximately  the  same  amount  of  uric 
acid  as  those  portions  of  the  liver  extract  to  which  the 
various  substances  were  added;  the  difference  is  so  small 
that  it  may  be  readily  attributed  to  the  unavoidable  inaccu- 
racies of  the  process  of  determination.  That  the  liver 
extract  itself  contains  so  much  uric  acid  is  due  to  the  con- 
version of  the  nuclein  and  xanthin  bases  to  uric  acid  as 
shown  by  Schittenhelm 9  and  also  by  Jones  and  Austrian.10 
Hence  we  may  say  without  hesitation  that  there  is  no  evi- 
dence of  a  reversible  action  of  any  enzyme  which  may  be 
present.  In  order  to  determine  whether  possibly  any  allan- 
toin  was  formed,  all  of  the  filtrates  from  which  the  uric  acid 
had  been  removed  were  carefully  examined  for  that  sub- 
stance but  always  in  vain. 

Briefly  we  may  sum  up  the  results  of  this  investigation  as 
follows :  All  alkalis,  even  the  weaker  ones,  at  brood  oven 
temperature  split  uric  acid,  an  action  which  almost  inva- 
riably increased  as  the  temperature  rises.  The  destructive 
action  of  the  alkali  used  for  the  solution  of  uric  acid  is  not 
uniformly  increased  by  the  addition  of  organic  extracts 
isolated  by  the  method  of  Rosell,  which  is  supposed  to  isolate 
an  active  enzyme  if  such  exists.  Among  the  products  of 
splitting  by  both  the  alkali  and  the  alkali  in  conjunc- 
tion with  organic  extracts,  oxalic  acid  is  quite  uniformly 
found,  urea  and  allantoin  not  at  all.  It  is  very  difficult  to 
isolate  an  extract  of  organs  which  does  not  contain  purin 
bases,  which  are  readily  converted  to  uric  acid  at  brood 
oven  temperature  by  xanthooxydase,  thereby  obscuring  the 
results  obtained  by  isolation  of  the  remaining  acid.  There 
is  no  evidence  of  the  reversible  action  of  the  uricolytic 
enzyme  if  such  exists.  Unless  some  solvent  other  than  an 
alkali  is  found  for  uric  acid,  it  will  be  difficult  to  separate 
the  destructive  action  of  the  alkali  from  that  of  any  enzyme 
which  may  be  present. 


THE  URICOLYTIC   ENZYME. 


REFERENCES. 


! 


i.     A.    E.   Austin.    The  uricolytic  enzyme    in   animal   organs.     The 
Journal  of  Medical  Research,  xv,  309. 

2.  Richard  Burian.  Ueber  die  oxydative  und  die  vermeintliche  syn- 
thetUche  Bildung  von  Harnsaure  in  Rinderleberauszug.  Zeitschr.  fiir 
phys.  Chemie,  xliii,  497. 

3.  Alfred  Schittenhelm.  Ueber  das  uricolytische  Ferment.  Zeitschr. 
fiir  phys.  Chemie,  xlv,  161. 

4.  Rosell.  Ueber  Nachweis  und  Verbreitung  intercellulare  Fermente. 
Inaug.  Dissert.,  Strassburg,  1901. 

5.  Kutscher  und  Steudel.  Ueber  die  Stickstoftbestimmung  nach  Kjel- 
dahl.     Zeitschr.  fiir  phys.  Chemie,  xxxix,  12. 

6.  U.  Schroder.     Beitr.  z.  Physiolog.     C.  Ludwig  Festchrift,  89. 

7.  E.  Salkowski.     Practicum  der  phys.  und  path.     Chemie,  167. 

8.  Hugo  Wiener.     Die  Harnsaure.     Ergebnisse  der  Physiologie,  i,  555. 

9.  Alfred  Schittenhelm.  Ueber  die  Harnsaurebildung  in  Gewebs- 
ausziigen.     Zeitschr.  f.  physiolog.  Chemie,  xlii,  251. 

10.  Walter  Jones  and  C.  R.  Austrian.  Ueber  die  Verteilung  der 
Fermente  des  Nueleinstofiwechsels.  Zeitschr.  f.  physiolog.  Chemie, 
xlviii,  121. 


B.   COLI    COMMUNIS,    "  THE    PRESUMPTIVE  TEST,"   AND    THE 
SEWAGE  STREPTOCOCCI   IN  DRINKING  WATER. 

D.  Rivas,  M.D.,  Philadelphia,  Pa. 

That  the  presence  of  B.  coli  communis  in  a  water  is  gen- 
erally recognized  as  an  indication  of  sewage  pollution  needs 
no  further  comment  here.  That  the  absence  of  it,  however, 
indicates  the  purity  of  a  water  is  a  subject,  I  believe,  worthy 
of  consideration.  The  question  arises  :  Should  we  consider 
a  water  free  from  pollution  in  which  no  B.  coli  is  found  ? 
Further,  is  the  presence  or  absence  of  B.  coli  always  indi- 
cated by  the  "  presumptive  test "  ?  Finally,  what  is  the 
indication  of  the  "  Sewage  streptococcus  "  ?  These  ques- 
tions gave  rise  to  the  investigation  upon  which  this  paper  is 
based.  It  embraces  observations  covering  two  years  upon 
the  water  supply  of  the  city  of  Philadelphia,  and  comprises  a 
series  of  comparative  tests  made  with  the  raw  water  of  the 
Schuylkill  river,  after  sedimentation  or  preliminary  rough 
nitration,  as  well  as  after  purification  by  slow  sand  filtration. 

In  a  previous  paper  I  pointed  out  some  observations  regard- 
ing the  Colon  group  in  drinking  water,  and  I  believe  that 
the  technic  usually  employed  for  its  detection  is  subject  to 
such  a  difference  of  opinion,  individual  preferences  of  each 
bacteriologist  in  some  cases,  and  dogmatic  statements  in 
others,  that  it  is  a  question  whether  we  are  justified  in  express- 
ing an  opinion  based  upon  the  researches  of  this  group 
alone.  Details  are  not  necessary  at  this  point,  but  I  desire 
to  emphasize  that  we  are  dealing  with  atypical  forms  of  B. 
coli  in  some  cases  when  we  only  consider  the  bacteriological 
analysis  of  water,  and  moreover,  since  the  technic  employed 
is  very  limited  in  extent,  the  discovery  of  the  colon  bacilli 
alone  should  not  always  be  considered  sufficient  indication  of 
the  pollution  of  water.  This  statement,  I  believe,  will  be 
admitted  by  at  least  some  bacteriologists. 

Based  upon  the  presumption  that  B.  coli  is  an  associate  of 

♦Received  for  publication  Jan.  21, 1907. 
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B.  tvtihcsus,  and  that  it  is  a  cccn::2  inhabitant  cf  the  intes- 
tine,  its  presence  in  a  water  is  cons:iered  as  an  indication  of 
pollution,  it  being  well  kncwn.  however,  that  this  micro- 
organism is  n:t  fjuni  in  the  husaa  intestines  only,  but  is 
wi~elv  d:stributed  in  nature.  Inasmuch  as  it  is  suooosed  to 
gradually  disappear  from  water,  it  has  been  suggested  that 
we  base  our  judgment  n3t  merely  upcrn  the  qualitative  but 
mere  especially  the  quantitative  estimation  :  that  is.  the  num- 
ber of  B.  eeli  fjund  sh^uii  be  given  m:>re  consideration  than 
its  mere  presence  or  absence.  In  view  of  the  foregoing,  are 
we  alwavs  sure  to  obtain  harmonious  results  in  two  bacterio- 
logical  analyses  made  at  the  same  time  ? 

Experiments  with  sterile  water  artificially  inoculated  with 
B.  coli  wil!  naturally  give  the  same  result,  while  previously 
contaminated   water    artinciallv  inoculated  with  B.  coli  will 
only   exceotionallv    enve     harmonious    results.     As    this  is 
exactly  what  happens  in  nature,  any  bacteriologist,  familiar 
with  the  examination  of  water,  undoubtedly  has  come  across 
such  discrepancies.     The  irregularity  of  the  results,  met  in 
the  following  experiments,  suggested  to  the  writer  their  pub- 
lication, in  the  hope  that  they  may  demonstrate  the  limited 
value  which  in  some  cases  the  search  for  the  B.  coli  presents. 
It  is  not  my  purpose  to  declare  such  examination  useless, 
but  in  spite  of  the  valuable  results  obtained,   to   ask  :      Can 
we  at  present  say  what,  after  all,  is  the  number  of  B-  coli  per 
cubic  centimeter  of  a  water  which  may  be  regarded  as  safe, 
suspicious    or   dangerous  ?     Furthermore,  given  a  water  in 
which  no  B.  coli  are  found,  can  it  be  regarded  as  safe  ?      As 
neither  one    of  these    questions    (some    bacteriologists    will 
admit,  and  I  hope  to  prove  by  the  following  results)  can   be 
satisfactorilv  answered,  is  sufficient  evidence.     I  believe  that 
in  the  search  for  the  Colon  group,  we  are  dealing  more  with 
the  symptoms  than  with  the  cause  of  pollution  in  drinking 
water. 

The  bacteriological  technic  usually  employed  for  the  study 
of  the  Colon  group  consists  in  the  plating  of  the  water  in 
Wurtz  litmus-agar  plates,  to  which  one  and  a  half  to  two  per 
cent  of  Parietti's  solution  has  been  added,  examination  of  the 
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plates  after  twenty-four  hours  at  370  C,  selection  of  the  char- 
acteristic pink  colonies  resembling  B.  coli,  and  further  study 
of  the  same  for  the  fermentation  of  sugar,  production  of  indol, 
reduction  of  nitrate  to  nitrite,  non-liquefaction  of  gelatine, 
and  other  biological  features  of  the  Colon  group;  to  these 
usually  the  studies  are  limited.  The  morphological,  and  in 
general  the  microscopical  researches,  are  neglected,  not 
because  they  are  not  so  important,  but  because  they  are 
tedious  and  require  time.  Further,  the  search  for  the  sew- 
age streptococci,  claimed  to  be  an  indication  of  pollution  in 
water,  is  almost  entirely  neglected  in  everyday  work;  and 
for  the  same  reason,  limited  time,  some  bacteriologists 
confine  themselves  merely  to  the  "  presumptive  test,"  the 
shortest  of  all  researches  for  the  Colon  group.  The  impor- 
tant question  to  be  settled  is,  which  is  the  most  reliable  of 
the  indications?  The  mere  fact  that  there  is  a  number  of 
them  is  sufficient  reaspn  to  assume  that  while  there  is  some 
reliance  to  be  placed  on  each,  none  is  sufficiently  accurate  in 
itself. 

In  the  present  work  no  time  has  been  spared  or  labor 
omitted.  It  has  been  my  purpose  to  give  to  each  test  the 
most  exhaustive  trial,  and  to  present  to  the  best  of  my 
ability  the  results  obtained,  leaving  the  reader  to  draw 
his  own  conclusions.  The  general  counting  of  bacteria  and 
number  of  B.  coli  communis  per  cubic  centimeter,  the  study 
of  the  sewage  streptococci  and  the  "presumptive  test" 
on  the  same  water,  are  considered  at  the  same  time,  and 
independently,  and  I  believe  that  though  valuable  researches 
have  been  made  upon  each  subject  separately,  the  combined 
observation  of  them  here  presented  will  aid  toward  a  better 
understanding  of  the  results. 

The  raw  water  represents  the  water  from  the  Schuylkill 
river  at  different  places,  Belmont  pumping  station  (for  the 
supply  of  Belmont)  and  Shawmont  (for  upper  and  lower 
Roxborough  reservoir).  Such  water  is  found  to  be  of  a  con- 
siderable degree  of  pollution,  containing  in  only  a  few  cases 
below  10,000  and  in  some  instances  over  200,000  bacteria 
per  cubic  centimeter.     In'  other  cases  there  were  found  over 
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500,000  bacteria  per  cubic  centimeter.  The  applied  water  cor- 
responds to  the  same  water  after  sedimentation  in  the  case  of 
Belmont  and  upper  Roxborough  reservoir,  and  after  prelimi- 
nary rough  filtration  for  the  lower  Roxborough  filters.  Con- 
trary to  what  would  be  expected,  an  irregularity  is  observed 
in  some  cases  in  which  the  applied  water  showed  an  equal  or 
higher  number  of  bacteria  per  cubic  centimeter.  Often  the 
effect  of  rains  persisted  longer  in  the  reservoir  and  applied 
water  than  in  the  river,  where  the  water  is  constantly  chang- 
ing, and  clears  more  quickly,  with  consequent  diminution  in 
the  number  of  bacteria.  This,  however,  should  not  detract 
from  the  results,  as  each  water  was  examined  separately  on 
the  same  day.  Finally  the  effluent  water  is  compared  with 
the  applied  water  after  purification  by  slow  sand  filtration. 
Here  again  some  countings  are  relatively  high,  due  to  recent 
removal  of  the  "  schmutzdecke." 

As  will  be  observed  in  the  tables,  the  first  line  on  each 
date  corresponds  to  the  Belmont,  and  the  second,  to  the 
upper  and  lower  Roxborough  plant,  respectively. 

It  is  not  necessary  to  give  in  detail  the  technic  employed 
in  the  search  for  the  Colon  group,  a  description  of  which 
was  given  in  a  previous  paper,  and  has  been  briefly  outlined 
above.  It  suffices  to  say  that  all  the  biological  and  morpho- 
logical characters  of  B.  coli  as  well  as  its  variations  were 
considered.  For  the  sake  of  brevity,  the  technic  employed 
for  "the  presumptive  test"  is  also  omitted,  a  description  of 
which  can  be  found  in  any  text-book  on  bacteriology,  or 
manual  of  water  analysis.  Atypical  reaction  marked  +  ?  on 
the  tables  indicates  results  in  which  the  inoculation  of  one 
cubic  centimeter  of  the  water  on  dextrose  broth  gave  an 
amount  of  gas  after  forty-eight  hours  at  37-400  C.  above 
ninety  per  cent  or  below  ten  per  cent. 

The  search  for  the  sewage  streptococci  consists  in  the 
inoculation  of  one  cubic  centimeter  of  the  water  in  dextrose 
broth  and  daily  microscopical  examination  of  the  culture  up 
to  six  days  at  37-400  C.  according  to  the  case;  by  this  pro- 
cedure, it  was  possible  to  obtain  positive  results  with  cultures 
which  in  the  first  few  days  failed  to  show  any  cocci.  With 
this  preliminary  technic,  the  results  obtained  are  as  follows: 
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In  a  consideration  of  the  results,  contrary  to  what  should 
be  expected,  it  is  noted  that  there  are  some  cases  in  which 
the  raw  watCr  did  not  show  any  B.  coli,  while  in  the  corre- 
sponding applied  water,  this  organism  was  found  in  company 
with  a  very  low  bacterial  count.  Such  discrepancy  is  not 
only  observed  between  the  raw  and  applied  water,  but  also 
in  the  effluent  water  with  a  very  low  number  of  bacteria, 
after  purification  by  slow  sand  filtration.  Further  it  is 
observed  that  in  the  applied  water,  in  spite  of  the  lower 
number  of  bacteria  in  general,  B.  coli  was  found  in  greater 
number  than  in  the  corresponding  raw  water.  The  same  can 
be  said  of  the  limited  value  which  the  research  on  more  than 
one  cubic  centimeter  presents,  a  glance  at  the  tables  show- 
ing the  cases  in  which  B.  coli  was  found  in  one  cubic  centi- 
meter of  the  effluent  water  while  none  was  found  in  the  fifty 
cubic  centimeter  tests. 

"  The  presumptive  test,"  regardless  of  the  quality  of  the 
water,  and  the  presence  or  absence  of  B.  coli,  was  positive 
in  all  the  raw  and  applied  water  but  one  sample,  and 
similar  results  were  obtained  with  the  effluent  water,  but 
the  most  marked  irregularity  was  observed  in  the  search  for 
the  sewage  streptococci.  There  are  cases  in  which  both  the 
raw  and  applied  water  failed  to  show  any,  while  in  the 
effluent  water  with  a  general  count  below  fifty  and  even  as 
low  as  eight  bacteria  per  cubic  centimeter,  this  microorganism 
was  observed ;  often  in  the  high  counts  no  streptococci  were 
found.  In  view  of  the  fact  that  this  irregularity  could  be 
attributed  to  the  imperfect  technic  employed,  as  in  the  incu- 
bation of  one  cubic  centimeter  of  the  water,  other  micro- 
organisms were  also  inoculated  which  could  bring  about  a 
symbiotic  process  detrimental  to  the  sewage  streptococci. 
To  avoid  this,  it  was  desirable  to  make  some  modification, 
and  this  change  consisted  in  the  plating  of  one  cubic  centi- 
meter of  the  water  in  litmus-lactose-agar,  and  the  study  of 
the  characteristic  colonies  after  twenty-four  to  forty-eight 
hours  at  37-400  C. 

This  is  not  the  place  to  consider  the  ten  to  twenty  different 
types   of  sewage  streptococci   described  in   the    literature; 
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from  the  pink  colonies  on  litmus- lac  to  se-a  gar  to  no  change 
of  the  medium  and  even  blue  colonies ;  from  very  small  and 
almost  imperceptible  fine  points  to  relatively  large  colonies ; 
from  the  rapid,  to  slow  and  non-liquefiers  of  gelatine; 
coagulation  and  non-coagulation  %of  milk ;  production  and 
non-production  of  indol ;  strongly  acid  reaction  to  neutral 
or  even  alkalinity  of  the  medium.  Other  biological  char- 
acters were  considered,  and  great  variation  was  observed  in 
the  morphology,  some  appearing  as  diplococci  or  resem- 
bling staphylococci,  others  intermediate  between  these  and 
streptococci,  while  still  others  were  typical  streptococci. 
Some  appeared  in  short,  while  others  in  very  long  chains. 
The  individual  organisms  were  very  small  in  some  cases,  and 
in  others  relatively  large.  The  Gram  stain  was  taken  by  all 
cultures. 

Without  going  into  details  of  the  variations  met  in  water 
from  different  sources  and  the  number  of  sewage  streptococci 
per  cubic  centimeter  determined  by  the  plate  method,  a 
description  of  which  I  regard  as  unessential  to  the  purpose 
of  this  paper,  it  suffices  to  say  that  the  results  reported  com- 
prise only  the  cases  in  which  more  or  less  an  approach  to 
the  sewage  streptococcus  types  were  obtained. 

Besides  the  plate  methods,  the  inoculation  of  one  cubic 
centimeter  in  dextrose  broth  was  also  considered  indepen- 
dently as  before.     The  results  are  as  follows : 
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Concerning  B.  coli,  the  results  show  the  same  irregularity 
as  before,  though  less  markedly.  For  the  sake  of  brevity,  I 
deem  it  unnecessary  to  repeat  what  has  been  considered 
above,  and  it  suffices  to  add  that  the  number  of  B.  coli  per 
cubic  centimeter  was  not  always  in  proportion  to  the  source 
and  quality  of  the  water  examined  ;  further  there  are  cases 
here  in  which  samples  of  water  with  over  400,000  and 
500,000  bacteria  per  cubic  centimeter  show  in  one  case  none, 
and  in  the  other  one  of  these  microorganisms,  while  in  the 
corresponding  raw  water,  with  a  decidedly  lower  number  of 
bacteria,  twenty  B.  coli  per  cubic  centimeter  were  found. 

Similar  irregularity  is  observed  in  "  the  presumptive  test," 
and  there  are  samples  of  water  with  high  bacterial  count 
containing  B.  coli  in  which  this  test  was  negative  and  vice 
versa. 

Regarding  the  sewage  streptococcus,  the  improvement  of 
the  plate  method  for  its  detection  brought  about  a  decided 
increase  of  positive  results,  but  regardless  of  the  source  and 
quality  of  the  water,  the  presence  or  absence  of  this  micro- 
organism did  not  seem  to  have  any  special  importance. 
The  statement  that  its  presence  is  an  indication  of  old  sew- 
age contamination  and  that  it  is  more  apt  to  be  found  in 
cases  where  B.  coli  has  disappeared  from  the  water  does  not 
seem  to  be  in  accord  with  the  results  here  reported,  as  it  was 
found  associated  with  this  group  as  well  as  in  the  absence  of 
it.  Moreover,  I  believe  the  streptococcus  has  little  weight  in 
the  conclusion  as  to  the  purity  of  water. 

Before  closing,  I  desire  to  emphasize  the  fact  that  it  has 
not  been  the  purpose  of  this  article  to  regard  the  search  for 
the  Colon  group  as  unimportant,  nor  to  condemn  the  technic 
which  each  bacteriologist  may  prefer  for  its  detection,  but 
merely  to  express  some  view  upon  the  results  above  reported. 

CONCLUSIONS. 

(1.)  The  search  for  B.  coli  communis  undoubtedly  has 
its  merit,  but  I  believe  its  value  to  be  limited,  and  that  too 
much  reliance  is  placed  upon  this  group  of  organisms  ; 
further,  the  slight  difficulty  which  its  detection  presents  is 
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responsible  for  the  entire  neglect  of  the  search  for  other 
pathogenic  bacteria,  B.  typhosus  especially,  which  though 
not  so  easily  detected  is  of  such  importance  as  to  stimulate 
an  improvement  in  our  present  routine  in  bacteriological 
water  analysis. 

(2.)  That  the  "presumptive  test"  alone  is  insufficient 
and  uncertain  in  diagnostic  value  for  B.  coli. 

(3.)  The  presence  of  the  sewage  streptococcus  is  of  little 
if  any  importance,  and  bears  the  same  relation  in  some  cases 
as  many  other  harmless  water  bacteria  commonly  found. 

[In  conclusion  I  wish  to  express  my  appreciation  of  the  courtesy 
extended  to  me  by  Dr.  Samuel  G.  Dixon,  Commissioner  of  Health,  of  the 
State  of  Pennsylvania,  for  his  valuable  criticisms  on  this  paper,  and  to 
Dr.  Bergey,  Assistant  Professor  of  Bacteriology  at  the  University  of 
Pennsylvania,  for  some  suggestions  in  this  work.] 


LESIONS    OF  THE   GRANULE   LAYER   OF  THE    HUMAN 

CEREBELLUM.* 

E.  E.  Southard,  M.D. 

{Assistant  Professor  of  Neuropathology  in  the  Harvard  University  Medical 
School  and  Pathologist  to  the  Danvers  Insane  Hospital,') 

The  granule  layer  of  the  cerebellum  is  peculiar  in  con- 
struction. The  layer  is  very  rich  in  cells,  surpassing  most 
regions  of  the  nervous  system  in  the  proportion  of  cells  to  the 
unit  of  space.  Very  noteworthy,  in  comparison  with  the 
general  cell  wealth,  is  the  relative  paucity  in  this  locus  of 
interstitial  substance.  Barring  its  vessels,  the  layer  is,  so  to 
speak,  almost  purely  nervous  in  structure.  A  further  peculi- 
arity of  the  granule  layer  is  one  shared  by  adjacent  layers, 
viz.,  an  almost  uniform  character  throughout  the  cerebellum. 
The  several  cell  types,  the  fibers,  and  the  characteristic  acido- 
phile  structures  of  Denissenko  form  altogether  a  most  com- 
plex-looking apparatus;  but  the  complexity  is  a  uniform 
complexity  throughout  the  organ. 

The  most  striking  feature  of  the  granule  layer  is  doubtless 
the  relative  wealth  of  cells  therein.  There  are  few  fixed 
tissues,  barring  tissues  concerned  with  continuous  generation 
of  cells,  elsewhere  in  the  body  which  present  so  many  nuclei 
to  the  unit  of  space.  In  the  central  nervous  system  itself, 
there  are  few  loci  which  approach  the  granule  layer  in 
relative  nuclear  richness,  excepting  some  parts  of  the  limbic 
lobe  and  the  stellate  cell  layers  of  the  cerebral  (particularly 
the  calcarine)  cortex.  There  is  no  good  evidence  of  multi- 
plication in  the  nerve  elements  of  the  granule  layer,  at  any 
rate  after  early  life. 

Despite  this  general  cell-wealth,  the  granule  layer  is  not- 
ably lacking  in  neuroglia  tissue,  that  is  to  say,  in  cells  pro- 
ducing neuroglia  fibrils,  under  normal  conditions.  This  fact 
was  observed  by  Weigert  in  1895.     The  methods  of  Mallory 

*  Received  for  publication  Jan.  25,  1907. 
Read  at  the  annual  meeting  of  the  American  Association  of  Pathologists  and  Bact- 
eriologists, Baltimore,  May,  1906. 
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and  of  Benda  go  far  to  confirm  the  point.  This  lack  of  neu- 
roglia tissue  in  the  granule  layer  is  the  more  surprising  when 
contrasted  with  the  presence  of  considerable  fibrillar  sub- 
stance, as  demonstrated  by  the  above  methods,  in  adjacent 
layers.  Thus  the  underlying  white  matter  and  the  overlying 
Purkinje  cell  belt  are  well  supplied  with  neuroglia  fibrils, 
while  the  molecular  layer  still  finds  space  among  the  branches 
of  the  Purkinje  cell  dendrites  for  a  number  of  fibrils,  even 
under  normal  conditions.  The  granule  layer  of  the  cerebel- 
lum may  be  logically  grouped,  therefore,  with  various 
peripheral  nerve  structures  in  the  vertebrates,  in  its  lack 
of  neuroglia.  This  lack,  however,  is  readily  supplied  under 
abnormal  conditions. 

Besides  the  relative  cell  wealth  and  (perhaps  also  relative) 
paucity  of  neuroglia  tissue,  the  granule  layer  also  shows  a 
strikingly  constant  arrangement  of  the  constituent  elements, 
which  holds  not  only  throughout  a  given  lamina  but  also,  so 
far  as  known,  throughout  the  cerebellar  cortex.  The  cell 
arrangements,  not  merely  of  the  granule  layer,  but  also  of  the 
exterior  layers,  in  the  cerebellum  are  far  more  nearly  uni- 
form (or  less  differentiated  ?)  then  the  cell  arrangements  of 
the  cerebral  cortex.  There  is  good  ground  for  calling  the 
cerebral  cortex  a  composite  of  organs.  So  far,  however,  the 
cerebellum  seems  as  uniform  as  it  is  complex.  This  fact  has 
given  rise  from  early  days  to  the  idea  that  the  cerebellum 
acts  as  a  unit.  In  any  case,  the  granule  layer  is  obviously  a 
structural  unit  in  the  cerebellum. 

What  part  shall  be  assigned  to  the  granule  layer  in  cere- 
bellar activity?  We  might  argue  something  of  its  functions 
from  its  situation  between  the  core  of  white  matter  and  the 
Purkinje  cell  belt.  The  presence  of  incoming  and  outgoing 
nerve  fibers  in  the  core  of  white  matter  obviously  suggests 
that  the  activities  of  the  cerebellar  cortex  complete  an  arc  of 
impulses  which  flow  in  those  fibers.  It  seems  well  established 
that  the  Purkinje  cells  are  the  locus  of  immediate  origin  for 
outgoing  impulses.  In  case  this  is  so,  then  the  granule  layer 
may  probably  serve,  as  seems  likely  from  its  site,  as  part  of 
the  centripetal  mechanism. 
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As  an  example  of  the  difficulties  lodging  herein,  the  hypo- 
thetical account  of  Kolliker,  based  on  the  work  of  Ramon  y 
Cajal  and  others,  maybe  cited.  Kolliker  (1896)  regarded 
the  Purkinje  cells  as  the  centrifugal  elements,  the  moss  fibers 
and  climbing  fibers  (of  the  Golgi  pictures)  as  the  centripetal 
elements  of  the  cerebellar  cortex.  Counting  the  Purkinje 
cells  as  the  only  centrifugal  cells,  it  becomes  hard  to  inter- 
relate the  remainder  of  the  cells,  classified  by  Kolliker  as 
large  and  small  granule  cells,  basket  cells,  and  small  cortical 
cells,  which  must  all  be  related  with  the  centripetal  apparatus. 
Kolliker  proposes  that  the  moss  fibers  shall  come  into  rela- 
tion with  the  small  and  large  granule  cells,  that  the  large 
granule  cells  shall  be  association  cells,  and  that  the  small 
granule  cells  shall  by  means  of  their  processes  in  the  molec- 
ular layer  come  into  relation  with  the  Purkinje  cell  den- 
drites. This  account  leaves  outstanding  the  basket  cells  arid 
the  small  nerve  cells  of  the  cortex.  Kolliker  proposes  that 
the  climbing  fibers  and  other  centripetal  fibers  shall  come 
into  relation  with  these  latter  cells  and  these  in  turn  with  the 
Purkinje  cell  dendrites  once  more. 

This  account  of  Kolliker's  yields  some  notion  of  the  num- 
ber of  elements  with  which  we  deal.  The  account  leaves 
out,  moreover,  the  acidophile  structures  of  Denissenko, 
which,  as  shown  below,  are  remarkably  resistant  in  disease. 

Not  to  consider  minutiae  at  this  point,  it  is  evident  that  a 
true  solution  of  these  and  kindred  problems  might  be 
attained  if  we  could  differentially  destroy  the  various  ele- 
ments in  turn  and  watch  the  effect  upon  the  activities  of  the 
apparatus  in  lower  animals.  A  slower  but  perhaps  surer 
method  of  attack  might  be  to  watch  the  effect  of  such 
differential  or  uncomplicated  destruction  of  the  various 
elements  in  man  in  the  course  of  disease. 

In  default  of  a  more  rapid  method  of  work,  I  have  thought 
it  profitable  to  look  through  a  considerable  number  of  cases, 
both  with  and  without  gross  signs  of  cerebellar  disease,  to 
find  what  are  the  common  lesions  of  the  granule  layer.  An 
ulterior  object  was  to  arrange  the  elements  of  the  granule 
layer  in  a  series  according  to  their  resistance  to  injurious  agents. 
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The  present  work  is  related  to  some  previous  work  printed 
in  1905,  where  I  described  in  some  detail  the  characteristic 
lesions  of  the  exterior  layers  in  cases  of  marginal  sclerosis  in 
the  human  cerebellum.  To  these  lesions  there  proved  to  be 
a  rather  obvious  natural  history.  Thus  the  early  lesions 
found  in  leptomeningitis  (particularly  tuberculous)  could  be 
aligned  with  the  later  lesions  in  local  ischemia  (well  shown 
in  infarctions  of  luetic  origin).  The  series  of  changes  thus 
made  clear  were  used  to  explain  the  peculiar  appearances  — 
fibrillar  overgrowth  in  three  planes  —  in  cases  of  stationary 
or  terminal  fibrillar  gliosis.  The  first  stage  of  this  fibrillar 
gliosis  in  three  planes  was  shown  to  be  an  overgrowth  of  the 
characteristic  radial  fibrils  (Bergmann's  fibers)  of  the  molec- 
ular layer,  an  overgrowth  frequently  related  with  the  death 
of  Purkinje  cells.  The  cells  of  origin  for  these  radially 
shooting  fibrils  were  found  to  be  certain  neuroglia  cells  in  the 
Purkinje  cell  belt.  In  accord  with  the  established  concep- 
tion of  the  Purkinje  cells  as  the  cells  of  least  resistance  in  the 
cerebellum,  it  was  found  that  the  Purkinje  cell  belt  is  the 
locus  of  earliest  activity  in  repair. 

At  present  I  wish  to  consider  in  a  similar  way  the  natural 
order  of  lesions  in  the  inner  (granule)  layer  of  the  human 
cerebellum.  I  have  presented  the  cases  on  which  the  points 
are  based  in  summary  form.  I  have  used  various  special 
methods  on  the  material,  but  have  depended  for  the  general 
analysis  of  the  findings  in  the  granule  layer  upon  various 
methods  after  fixation  in  Zenker's  fluid,  especially  upon 
eosin  and  methylene  blue,  Mallory's  aniline  blue,  and 
Mallory's  phosphotungstic  acid  hematein  methods,  used  on 
paraffine  sections. 

Case  I.  Case  of  defective  girl,  born  without  the  use  of  instruments  in 
the  eighth  month,  one  of  twins  (the  other  still-born).  Slight  evidence  of 
consciousness  or  orientation  (even  for  mother).  General  rigidity.  Food 
given  with  difficulty.  Constipation.  Lived  in  cradle  on  its  back.  Con- 
vulsive seizures  began  after  twentieth  month.  Death  in  thirty-seventh 
month  from  bronchopneumonia.* 

*  For  clinical  history  in  full,  see  Bullard  and  Southard.  A  case  of  idiocy  in  a  child 
with  cystic  hemispheres.  Medical  and  Surgical  Reports,  Boston  City  Hospital,  XV., 
X905. 
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The  autopsy  showed  gross  cerebral  changes.  The  ground  plan  of  the 
cerebrum  was  preserved,  but  the  substance  of  each  hemisphere  was  largely 
replaced  by  a  closed  cystic  cavity,  independent  of  the  ventricles.  The 
interiors  of  the  cystic  cavities  were  traversed  by  delicate  strands  of 
neuroglia  tissue.     The  pyramidal  tracts  had  failed  to  develop.* 

The  cerebellum  showed  no  reduction  in  size  and  possessed  the  usual 
markings. 

The  microscopic  examination  of  the  cerebellum  in  this 
case  showed  that  the  granule  layer  was  far  richer  in  cells, 
relatively  to  the  unit  of  space,  than  the  granule  layer  of  the 
adult  (see  Plate  IV.,  Figs.  1  and  2).  The  small  cells  called 
granule  cells  possess  somewhat  more  vesicular  nuclei  than 
similar  cells  in  the  adult  and  are  more  closely  packed 
together.  The  clear  spaces  between  granule  cell  groups  are 
more  sharply  marked  off  than  in  the  adult  and  contain  in 
some  cases  the  characteristic  acidophile  structures  of  Denis- 
senko.  In  other  cases,  however,  the  clear  interspaces  con- 
tain a  nucleated  structure  in  place  of  the  non-nucleated 
structure  of  Denissenko.  These  structures,. not  seen  in  the 
adult,  are  spread  not  alone  through  the  granule  layer  but 
also  through  the  core  of  white  fibers  (where  also  they  fail  to 
occur  in  the  adult).  These  cells  have  large  homogeneous 
cell-bodies,  rounded  or  oval  in  shape,  and  vary  in  size  to 
above  60fi.  They  are  supplied  with  single  or  sometimes 
with  two  rather  dense  central  nuclei  (see  Plate  IV.,  Fig.  3). 
There  is  no  evidence  from  the  tissues  of  this  case  that  these 
cells  produce  neuroglia  fibrils.  It  is  still  probable  that  they 
are  cells  of  the  interstitial  or  neuroglia  series.  It  is  not 
improbable  that  these  cells  in  the  granule  layer  may  give  rise 
to  the  acidophile  structures  of  Denissenko.  Of  this,  there 
is  no  proof,  save  that  of  suggestive  situation  and  certain 
apparent  transitions. 

The  case  brings  out  the  relatively  even  greater  cell-wealth 
of  the  granule  layer  early  in  development  and  the  occurrence 
or  persistence  of  certain  cells,  probably  neuroglia  cells,  which 
may  be    related    with    the    development   of  the    acidophile 

*  For  photographs  showing  cerebral  aplasia  of  this  case,  see  Bullard  and  Southard. 
Cystic  aplasia  of  the  cerebral  hemispheres  in  an  idiot  child.  Journ.  Med.  Research, 
XIV.,  2,  January,  1905. 
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structures  of  Denissenko.    The  cell  arrangements  throughout 
the  cerebellar  cortex  are  uniform. 

Case  II.  Epileptic  imbecile  of  sixty-live  years.  One  brother  imbecile, 
Learned  to  walk  at  four  or  live.  Never  learned  to  speak  beyond  "  yes  ™ 
and  "  no,"  "papa"  and  "mamma,"  with  a  few  oaths.  Could  make  his 
wants  known  to  family.  Earned  living  by  work  on  farm  till  fifty.  Grew 
more  childish  and  irritable  later  in  life.  Confused  spells  with  hands  raised 
to  head  at  various  times  throughout  life.  Epileptic  convulsions  the  last 
seven  years  of  life.  Occasionally  noisy  and  homicidal.  On  admission, 
slight  swaying  in  Romberg  position.  Knee-jerks  dull,  but  equal.  Other 
deep  reflexes  diminished.  Superficial  reflexes  not  obtained.  Pupils 
small,  oval  perpendicularly,  reacted  within  narrow  limits.  Petit  mal  and 
occasional  severe  epileptic  convulsions  during  hospital  stay  (eight 
months).  Death  nine  days  after  taking  to  bed  with  increased  stupidity 
and  signs  of  pneumonia  in  lower  back.* 

The  autopsy  f  showed  death  due  to  typhoid  fever  and 
lobar  pneumonia.  The  trunk  showed  little  else  abnormal, 
save  half-sized  testes,  one  containing  a  small  cyst.  There  was 
coronary  arteriosclerosis  of  moderate  grade.  The  skull  was 
symmetrical,  the  diploe  congested.  The  pia  mater  was 
everywhere  clear.  The  cerebrum  showed  anomalous  fissura- 
tion,  symmetrical  in  the  anterior  portions,  both  lateral  and 
mesial,  of  both  hemispheres.  The  affected  lobes  showed  not 
only  a  microgyria  with  obscuring  of  normal  markings,  but 
also  multiple  tine  corrugations  of  each  gyrus  with  the  thin 
pia  mater  exactly  lining  each  irregularity. 


The  cerebellum  showed   an  absence   of  lamination 

*  Clinical  notes  through  kindness  of  Dr.  C.  B.  Sullivan,  assistant  physician 
Danvera  Insane  Hospital. 

t  Autopsy  notes  and  cerebell 
Arbor,  Mich.,  during  whose  sen 
the  case  came  lo  autopsy. 
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broad  area  over  the  upper  surface  (see  text-figure) .  The  parts 
without  laminae  were  the  following  :  Anterior  half  of  cul- 
men  monticuli,  inner  two-thirds  of  left  lobus  culminis,  inner 
two-thirds  of  left  lobus  clivi,  a  narrow  strip  in  the  left  lobus 
cacuminis  posterior  to  the  postclival  fissure,  inner  third  of 
right  lobus  culminus,  inner  third  of  right  lobus  clivi  (with 
preservation  of  laminae  for  a  narrow  strip  anterior  to  post- 
clival fissure).  The  clivus  and  the  substance  adjacent  to 
the  posterior  cerebellar  notch  showed  normal  lamination. 

The  microscopic  examination  of  the  non-laminated  region 
of  the  cerebellum  in  this  case  showed  interesting  transloca- 
tions of  various  structures.  Isolated  cells  and  groups  of  cells 
of  the  Purkinje  cell  type  exhibit  how  little  necessary  relation 
exists  between  the  development  of  Purkinje  cells  and  that  of 
the  granule  layer.  Purkinje  cells  occasionally  abut  upon 
stray  fascicles  of  white  matter,  as  demonstrated  in  Weigert 
myelin  sheath  preparations. 

The  cell  groups  representing  the  granule  layer  are,  as  a 
rule,  rounded  like  the  normal  granule  layer,  but  occur  in 
rather  slender,  anastomotic  or  isolated  masses,  as  a  rule,  bor- 
dered by  Purkinje  cells  (see  Plate  V.,  Fig.  4).  There  are 
occasional  complete  rings  of  cells,  grouped  to  imitate  the 
normal  granule  cells  with  cells  of  the  Purkinje  cell  type  both 
inside  and  outside  the  ring  (see  Plate  V.,  Fig.  5).  The  cell- 
richness  of  these  abnormal  granule-cell  accumulations  is 
within  normal  limits.  The  acidophile  structures  of  Denis- 
senko  are  occasionally  seen. 

The  molecular  layer  seems  to  be  more  irregular  in  develop- 
ment than  the  other  layers  and  is  subject  to  more  sudden 
changes  of  contour.  A  layer  roughly  resembling  the  molec- 
ular layer  invests  the  flat  surface  of  the  region  affected  and 
in  some  cases  abuts  directly  upon  fan-shaped  masses  of 
medullated  fihers. 

The  case  brings  out  the  possible  independence  of  develop- 
ment of  the  granule  layer  and  the  Purkinje  cell  belt  (see  Plate 
V.,  Fig.  6).  In  a  case  of  severe  early  developmental  injury, 
the  general  cell  relations  (possibly  the  general  effectiveness 
of  the   apparatus)    can    be    altered,   yet   the  granule  layer 


106  SOUTHARD. 

preserves  independence  as  if  it  were  to  some  degree  a  tissue 
unit. 

Case  III.  C.  K.t  salesman  of  forty-seven  years,  entered  Dr.  G.  B. 
Shattuck's  medical  service  at  the  Boston  City  Hospital  Dec.  22,  1902. 
Alcoholic,  obese.  At  thirty-seven  in  bed  four  to  five  weeks  with  rheu- 
matic fever,  at  forty-one  in  bed  four  weeks  with  scarlet  fever,  at  forty- 
three  in  bed  eight  weeks  with  broken  leg. 

Patient  took  to  bed  five  days  before  entrance  with  weakness  and 
anorexia. 

On  entrance  apathetic,  rales  in  lower  right  back,  abdomen  tympanitic, 
distended,  Babinski  reflex  on  both  sides,  leucocytes  20,000.  Delirium 
next  day,  at  first  restless,  later  more  quiet.  Rose  spots  December  26th. 
December  28th  difficult  to  rouse,  quiet,  numerous  rose  spots,  fever,  res- 
piration rapid  and  difficult,  leucocytes  8,800.  Widal  reaction  absent. 
The  rales  increased,  respiration  became  difficult,  mucus  could  not  be 
coughad  up,  cyanosis  developed.  Death  eighth  day  after  entrance, 
thirteenth  day  after  symptoms  developed. 

The  autopsy  showed  :  Brain  wt.  1,190  grams.  Dura  quite  adherent 
to  calvarium.  Numerous  pacchionian  granulations  along  longitudinal 
sinus.  Pia  injected.  Large  amount  of  subpial  fluid.  Cortex  soft  and 
edematous.  White  matter  normal.  Lateral  ventricles  contain  more  fluid 
than  normal.  Lower  portion  of  right  hemisphere  of  cerebellum  contains 
six  or  eight  minute  homorrhages,  two  of  them  extending  into  dentate 
nucleus. 

Diagnoses.  —  Typhoid  fever  ;  acute  splenitis  ;  lymphnoditis  (ileo- 
cecal group)  ;  acute  bronchitis ;  early  pneumonia ;  edema  of  cortex ; 
suppurative  otitis  media ;  chronic  interstitial  orchitis. 

The  microscopic  examination  of  the  cerebellum  in  this  case 
showed  small  hemorrhages  into  the  molecular  layer  derived 
from  small  pial  vessels,  as  a  rule  at  the  base  of  sulci.  The 
molecular  layer  itself  showed  little  reaction  beyond  slightly 
more  vesicular  nuclei  in  the  neuroglia  cells  and  pyknotic 
nerve-cell  nuclei. 

The  reaction  in  the  interior  layers  beyond  the  zone  of 
destruction  is  striking  (see  Plate  VI.,  Figs.  7  and  8).  For 
here,  whether  through  pressure  or  poison,  there  is  evidence 
of  differential  cell-destruction.  Whereas  the  lamina  as  a 
whole  is  quite  normal  in  cell  supply,  the  region  opposite  the 
effusion  of  blood  shows  death  of  Purkinje  cells  and  a  sharply 
marked  zone  of  granule  cells  with  pyknotic  nuclei.  The  acido- 
phil structures  of  Denissenko  are,  however,  not  visibly  altered. 

The  case  is  in  effect  a  natural  experiment  to  show  that 
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differential  destruction  of  cellular  elements  occurs  in  the  cere- 
bellum and  to  give  an  idea  of  the  order  of  cell  destruction. 

Case  IV.  A  poorly  developed  and  ill-nourished  male  of  twenty-five 
years.  Never  a  bright  scholar,  mill  worker.  Albuminuria  and  defective 
memory  three  years  before  commitment,  six  years  before  death.  Exag- 
gerated knee-jerks,  slow  hesitant  movements,  complete  disorientation, 
imperfect  insight  into  condition,  diminished  effect.  Hallucinations 
elicited  two  years  after  commitment.     Death  with  unchanged  signs.41 

The  microscopic  examination  of  the  cerebellum  in  this 
case  showed  the  granule  layer  in  numerous  laminae  infiltrated 
with  deposits  of  hyaline  and  lime  salts  (see  Plate  VII.,  Fig. 
9).  The  granule  cells  are  locally  thinned  out.  The  granule 
cells  which  remain  are  well  preserved.  There  is  a  consider- 
able supply  of  fibrillar  neuroglia  tissue  throughout  the  laminae 
both  near  the  lime  deposits  and  remote  from  any.  Similar 
small  lime  deposits  lie  in  the  white  matter  near  the  granule 
layer.     The  acidophile  structures  of  Denissenko  are  preserved. 

Case  V.  A.  A.,  theater-employee  of  thirty-two,  entered  Dr.  J.  W. 
Bartol's  service  at  the  Boston  City  Hospital  Aug.  25,  1905.  The  patient 
had  been  subject  to  diphtheria  and  scarlet  fever  in  youth,  besides  "  bilious  " 
attacks  followed  by  jaundice  and  vomiting.  Gonorrhea.  Syphilis  denied. 
At  twenty-eight  the  patient  had  an  attack  of  headache,  vertigo,  nausea, 
and  vomiting,  lasting  at  least  a  fortnight.  Two  attacks  afterward.  All 
three  were  regarded  as  due  to  nephritis. 

Four  weeks  before  entrance  (five  weeks  before  death)  occipital  head- 
ache, vertigo,  anorexia,  pain  in  back,  palpitation  and  dyspnea  on  exertion, 
cramps  in  feet  at  night,  and  increased  amount  of  urine  appeared.  Gave 
up  work  eight  days  before  entrance.  Vomiting  all  one  day  four  days 
before  entrance. 

On  entrance,  uremic  odor  to  breath,  systolic  murmur  in  mitral  region, 
marked  arteriosclerosis,  knee-jerks  present  and  equal,  spurious  ankle- 
clonus.  Convulsion  lasting  fifteen  minutes  the  day  following  entrance. 
Swelling  of  eyelids.  Twitching  of  head  and  arms.  A  swelling  size  of 
fist  on  right  side  of  neck  developed  September  2.  The  patient  became 
worse  in  the  evening  and  died  an  hour  later  having  developed  consider- 
able rigidity  of  neck,  Kernig's  sign,  increase  of  knee-jerks,  bilateral  ankle- 
clonus. 

The  examination  of  the  head  f  showed   normal  scalp,  calvarium,  and 

*  Clinical  notes  through  the  kindness  of  Dr.  H.  W.  Mitchell,  senior  assistant  phy- 
sician to  the  Danvers  Insane  Hospital. 

1 1  am  obliged  to  Dr.  C.  W.  Duval,  pathologist  to  the  Montreal  General  Hospital,  for 
the  tissues  of  this  case,  examined  by  him  while  assistant  in  pathology  in  the  Boston 
City  Hospital. 
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dura,  well  marked  arachnoidal  villi  and  basal  vessels  without  gross  scle- 
rosis. Considerable  subpial  edema.  Brain  weight  1,435  grams.  Sub- 
stance uncommonly  firm.  Small  cysts  of  choroid  plexus.  Pons,  medulla, 
mid-brain,  basal  ganglia  negative  on  section.  Cerebellum  showed  nothing 
abnormal  on  section. 

The  aorta  showed  sclerosis  without  calcification.  There  were  small  old 
foci  of  calcification  in  the  liver,  and  small  calcareous  masses  in  the  pyra- 
mids of  the  kidneys.  Chronic  diffuse  nephritis.  Chronic  splenitis. 
Death  was  due  to  acute  purulent  pericarditis. 

The  microscopic  examination  of  the  cerebellum  in  this 
case  showed  lesions  similar  to  those  of  Case  IV.,  but  of  severer 
character  (see  Plate  VIII.,  Figs.  10  and  11).  The  acidophile 
structures  remain  intact.  Numerous  active  fibril-producing 
astrocytes  are  found  in  the  granule  layer.  The  fibrils  often 
embrace  the  acidophile  structures  closely,  but  apparently  fail 
to  pierce  them  (see  Plate  VIII.,  Fig.  n). 


Case  VI.  Undersized  negro,  of  twenty- three  years.  Hutchinsonian 
teeth.  Backward  at  school,  of  limited  mental  capacity.  Tendency  to 
fall  down  at  play.  Change  for  the  worse  asserted  during  last  five  or  six 
years  of  life.  Sold  newspapers  or  blacked  shoes  up  to  within  a  year  of 
death.  In  last  months  of  life,  showed  general  incoordination  (coarse 
drunken  movements)  and  tremors,  with  shifting  gaze  and  tendency  to 
nystagmus.  Disorientation  for  time,  place,  and  persons,  confusion  with 
coarsely  relevant  replies  to  questions,  ill-defined  and  transitory  delusions 
of  persecution,  auditory,  visual,  and  tactile  hallucinations,  defective 
memory.     A  few  remissions  with  slight  clearing  up  of  confusion. 

The  autopsy  showed  death  due  to  an  early  bronchopneumonia 
(numerous  staphylococci) .  The  organs  of  the  trunk  were  small  and  firm 
(heart,  130  grams ;  spleen,  25  grams ;  liver,  640  grams ;  kidneys  together, 
150  grams),  and  suggested,  as  did  the  brain,  a  hypoplasia.  There  was 
persistent  thymus  tissue  in  a  tongued  shaped  mass,  measuring  3X2X0  5 
centimeters  above  the  aortic  arch.  The  femoral  marrow  was  red  and 
jelly-like,  suggesting  red  bar-le-duc.  The  arch  of  the  aorta  showed  a  few 
plaques  of  sclerosis.  The  brain  weighed  965  grams  and  showed  chronic 
diffuse  and  focal  leptomeningitis  roughly  corresponding  with  a  diffuse 
cerebral  and  cerebellar  gliosis.  The  cerebrum  also  showed  focal  sclerotic 
nodules,  resembling  those  described  in  idiots  by  Bourneville,  in  the 
temporal  gyri.  Occipital  microgyria.  Gliotic  lesions  with  pigmentation 
in  posterior  horns  of  spinal  cord,  perhaps  related  with  a  hydromyelia 
demonstrable  at  some  levels. 

The  cerebellum  was  as  firm  as  the  normal  olivary  bodies.  The 
hemispheres  were  symmetrical  and  of  a  normal  appearance,  save  that  the 
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laminae  were  slightly  narrower  than  usual  and  very  compactly  set.  The 
pia  mater  showed  a  diffuse  haziness,  best  marked  over  the  superior  surface, 
besides  focal  thickenings  of  an  unusual  character,  linear  mounds  of 
fibrous  tissue  running  at  an  angle  to  the  lamina?.  There  was  no  notable 
overgrowth  of  fibrous  tissue  at  the  base. 


The  microscopical  examination  showed  in  the  cerebellar 
cortex  the  greatest  possible  gliosis  consistent  with  mainte- 
nance of  normal  topography. 

The  meninges  show  an  infiltration  of  moderate  degree  with 
cells  of  the  lymphocyte  series  and  pigment-bearing  cells, 
together  with  edema  over  the  most  contracted  lamellae. 

The  vessels  of  the  central  white  matter  near  the  origins  of 
the  laminae  often  show  collections  of  granular  material 
(possibly  lime  salts)  ensheathing  the  intima.  This  process 
is  less  common  in  the  meninges. 

Some  of  the  lamellae  have  preserved  a  good  number  of 
Purkinje  cells.  Numerous  marginal  lamellae  show  no  Pur- 
kinje  cells.  Occasional  Purkinje  cells  show  two  or  more 
nuclei. 

The  molecular  layer  shows  everywhere  a  notable  increase 
in  Bergmann's  fibers,  and  in  many  lamellae  is  diminished  one- 
third  or  more  in  depth.  A  number  of  marginal  lamellae 
show  a  deep  superficial  zone  of  concentric  fibrils  in  the  locus 
of  the  fetal  cell  layer;  this  new  layer  is  unevenly  developed 
and  recalls  the  (somewhat  more  richly  cellular)  focal  super- 
ficial gliosis  of  the  temporal  cortex  cerebri  of  the  same  case. 

The  granule  layer  shows  a  diffuse  aplasia,  and  a  thinning 
out  of  the  granule  cells,  especially  well  shown  toward  the 
extremities  of  the  lamellae.  The  granule  cells  preserve  in 
many  places  their  usual  grouping,  but  the  picture  gradually 
changes  to  one  of  granule  cells  of  focal  occurrence  only  or  to 
one  of  complete  loss  of  granule  cells.  The  degree  of 
fibrillary  gliosis  seems  to  parallel  the  loss  of  granule  cells. 

The  white  center  shows  a  less  dense  gliosis  (replacement 
gliosis)  not  in  particular  relation  to  vessels  with  occasional 
cystic  deficiency  near  tips  of  laminae. 

Cerebellar  cortex  (myelin  sheath  stain).  — In  some  cases 
almost   total  absence  of  fibers  in  centrum  album  gyrorum, 
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in  many  cases  pronounced  thinning  out  toward  the  tip. 
A  few  fibers  are  almost  everywhere  preserved  in  the  molec- 
ular layer.  (Marchi)  —  Black  granules,  larger  and  less  even 
in  distribution  in  the  centrum  album  than  in  the  cerebral 
cortex  by  the  same  method. 

Dentate  nucleus.  —  High  neuroglia  fibril  content  about 
large  nerve  cells  and  notably  within  the  nucleus  (see 
especially  phosphotungstic  acid  hematein  preparations). 
The  Marchi  preparation  shows  large  scattered  drops  par- 
ticularly within  nuclear  limits. 

I  have  been  able  to  collect  a  few  notes  from  the  literature 
concerning  the  granule  layer  of  the  cerebellum  in  disease. 

Bergmann,1  1861,  described  findings  in  an  atrophic  cerebellum,  which, 
as  Weigert  has  pointed  out,  are  in  part*  erroneous,  since  Bergmann 
regarded  the  radial  fibers  which  now  bear  his  name  as  forming  a  reticu- 
lum. Bergmann  also  described  a  paling-out  of  the  granule  layer  and  a 
diminution  in  number  of  granule  cells. 

Obersteiner,1  1871,  described  a  focal  lesion  in  the  right  cerebellar  hem- 
isphere in  a  man  of  thirty  years  dying  of  acute  yellow  atrophy  of  the  liver. 
Obersteiner  there  called  attention  to  the  absence  of  Purkinje  cells,  to  the 
development  of  numerous  radial  fibers  in  the  molecular  layer,  and  to  a 
layer  of  concentric  fibers  (which  he  terms  Ependymschicht)  in  the  inner 
portion  of  the  molecular  layer.  The  Purkinje  cell  layer  is  figured  as  full 
of  gaps  and  without  cell  accumulation.  Obersteiner  compares  the  granule 
layer  to  lymphoid  tissue,  remarking  that  the  granule  cells  are  held  in  a 
sponge-like  ground  substance.  He  found,  also,  in  the  granule  layer  a 
few  larger  elements  which  he  regarded  as  degenerate  nerve  elements  (one 
possessing  two  nuclei) . 

Kirchhoff,*  1882,  described  two  cases  of  atrophy  and  sclerosis  of  the 
cerebellum,  in  a  girl  of  seven  (symptoms  beginning  at  five  years)  and  in  an 
imbecile  woman  of  twenty.  Kirchhoff  compared  the  appearance  of  the 
atrophic  area  in  the  superior  vermis  and  left  cerebellar  hemisphere  in  the 
girl  to  the  appearance  of  the  embryonic  cerebellum  at  the  sixth  month. 
Kirchhoff  compared  the  condition  of  the  more  extensive  cerebellar  atrophy 
in  the  imbecile  with  the  appearance  of  the  embryonic  cerebellum  at  the 
seventh  month  In  both  cases  Purkinje  cells  were  absent  from  the  atro- 
phic areas.  From  the  even  diameters  of  the  granule  layer  throughout  the 
sclerotic  la  minx  in  the  imbecile,  Kirchhoff  argues  the  embryonic  date  and 
origin  oi  the  lesion.     It  is  doubtful  whether  this  argument  can  be  upheld. 

So rr.-r.er.4  1SS4.  described  cerebellar  atrophy  and  sclerosis  in  a  hydro- 
oeihiic  of  thirty  years.  He  found  the  granule  layer  reduced  from  300 
to  ii«: u:  6c .  in  depth.  The  granule  cells  seemed  normal  but  reduced  in 
n_-n:<?r  i^i  ^iie  apart.     In  the  area  normally  occupied  by  granule  cells* 
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Sommer  found  a  granular  ground  substance  in  which  are  irregularly  scat- 
tered many  rounded  nuclei.  The  small  vessels  had  thickened  walls. 
Sommer  regarded  these  changes  and  those  in  the  white  matter  as  second- 
ary to  the  absence  of  Purkinje  cells  and  other  alterations  in  the  gray 
substance. 

A.  Meyer*  (Osnabrtick) ,  1890,  figured  diminution  of  nerve  fibers  in  the 
cerebellar  cortex,  chiefly  in  cases  of  general  paralysis,  by  means  of  Wei- 
gert's  myelin  sheath  method.  With  respect  to  the  other  elements  Meyer 
says  that  carmine  preparations  demonstrated  no  other  alterations  in  the 
outer  or  in  the  granule  layers,  and  believes  that  there  is  no  alteration  or 
numerical  reduction  in  the  Purkinje  cells.  He  regarded  the  degeneration 
as  primary  and  analogous  to  similar-  alterations  in  the  cerebral  cortex. 

Weigert,8  1895,  found  "  so  gut  wit  gar  keine"  neuroglia  fibers  in  the 
granule  layer  under  normal  conditions,  and  this  in  contrast  with  the 
Bergmann  fibers  of  the  molecular  layer,  the  fibers  surrounding  the  Pur- 
kinje cells,  and  the  normally  rich  supply  of  fibers  in  the  white  matter. 
Weigert,  however,  mentions  the  increase  of  fibers  in  the  granule  layer  in 
general  paralysis  and  other  conditions. 

Raecke,7  1901,  described  an  examination  of  the  cerebellum  in  fifteen 
subjects  of  general  paralysis  by  Weigert's  neuroglia  method.  Raecke 
confirmed  Weigert's  observation  of  an  increase  of  Bergman n's  fibers  in 
the  molecular  layer.  Raecke  found  a  peripheral  zone  of  gliosis  and  a 
gliosis  about  the  Purkinje  cells.  It  is  curious  that  the  Purkinje  cells, 
according  to  Raecke,  show  little  or  no  change  except  in  the  severest  foci, 
and  Raecke  is  apparently  of  the  opinion  that  the  Purkinje  cell  alterations 
are  secondary  to  the  gliosis.  The  process  in  the  granule  layer  was 
studied  in  the  severest  foci.  Here  the  lost  granule  cells  are  simply 
replaced  with  neuroglia.  Raecke  goes  on  to  say  that  —  "  since  with 
every  overgrowth  of  supportive  tissue,  whether  primary  or  secondary, 
there  must  correspond  a  certain  loss  of  nerve  elements,"  it  is  probable  that 
the  earliest  change  in  general  paralysis  affects  the  dendrites  of  the 
Purkinje  cells. 

Interpretation  of  findings.  —  The  cerebellum  is  a 
good  field  for  the  study  of  differential  lesions.  There  is  a 
striking  variety  of  structures  in  it.  Yet  this  structural  variety 
is,  roughly  speaking,  the  same  throughout.  The  obvious 
structural  unit  is  the  cerebellar  lamina.  Each  lamina  presents 
a  white  core  containing  ingoing  and  outgoing  fibers.  Sur- 
rounding the  white  core  is  the  gray  matter  of  the  cerebellar 
cortex.  The  elements  of  the  cerebellar  cortex  comprise, 
(1)  an  important  centrifugal  apparatus  —  the  Purkinje  cells; 
and  (2)  a  number  of  structures  regarded  as  centripetal  —  the 
various  structures  of  the  granule  layer,  together  with  sundry 
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elements  of  the  molecular  layer.  The  granule  layer  lies  next 
to  the  white  core  and  contains  elements  concerned  presumably 
with  the  reception  of  impulses  entering  the  lamina  by  way 
of  the  white  core.  The  granule  layer  apparatus  comes  into 
relation  with  the  manifold  processes  of  the  Purkinje  cells 
which  project  into  the  molecular  layer,  in  a  fashion  which  is 
not  obvious.  The  data  of  the  Golgi  impregnations  here  step 
in  to  demonstrate  processes  from  the  granule  cells  running 
outward  to  fall  into  relation  with  the  dendrite  forest  of  the 
molecular  layer. 

The  course  of  a  single  impulse  (an  artificial  abstraction  in 
the  cerebellum  probably)  might  then  be  inward  in  a  fiber  of 
the  white  core  to  a  granule  cell,  thence  in  a  process  to  some 
dendrite  of  a  Purkinje  cell  lying  in  the  molecular  layer, 
thence  doubling  on  itself  and  running  outward  through  the 
Purkinje  cell  and  its  single  axis-cylinder  to  the  white  core 
again.  It  is  of  course  doubtful  whether  any  single  impulse 
ever  runs  this  uncomplicated  course  in  the  cerebellum.  Not 
only  have  certain  interposed  elements  been  omitted  in  the 
series  mentioned,  but  also  it  is  highly  probablethat.no  single 
impulse  goes  far  into  the  cerebellar  cortex  without  starting 
up  fresh  impulses  in  several  directions.  The  granule  cell 
groups  are  precisely  fitted  for  this,  since  little  or  no  non- 
nervous  material  of  the  neuroglia  type  is  discernible  between 
the  granule  cells.  Elsewhere  in  the  cerebellum  there  are 
much  more  pronounced  intervals  between  the  nervous  ele- 
ments as  well  as  a  considerable  supply  of  neuroglia  which 
provides  more  effective  surfaces  of  separation  than  the 
closely  compact  granule  layer  possesses. 

Once  running  along  Purkinje  cell  dendrites,  it  is  difficult  to 
see  how  a  nerve  impulse  could  be  interrupted  in  its  centrifu- 
gal course,  although  its  intensity  might  conceivably  depend 
upon  the  number  of  dendrites  activated  If  this  conception 
be  accurate,  most  of  the  transferent  and  inhibitory  functions 
must  be  attributed  to  apparatus  previously  mentioned, 
namely,  to  apparatus  centering  in  the  granule  layer. 

Next  to  the  granule  cells  the  most  prominent  elements 
of    the    granule    layer    are    the    apparently    homogeneous 
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eosin  staining  structures  of  Denisscnko.  These  are  buffer 
elements  imbedded  in  the  anastomotic  granule  cell  masses. 
Their  functions  may  be  to  heighten,  to  depress,  or  otherwise 
to  modify  impulses  which  reach  the  granule  layer.  They 
may  or  may  not  alter  in  condition  from  moment  to  moment. 
It  is  possible,  if  improbable,  that  these  eosin  structures  have 
no  nervous  function. 

I  have  been  studying  the  cerebellum,  not  so  much  in  the 
hope  of  directly  unfolding  its  functions,  as  to  show  what  are 
the  relative  resistances  of  its  elements  to  disease.  In  a  pre- 
vious paper  I  have  described  once  more  the  familiar  fact 
that  the  great  elements  of  the  Purkinje  cell  belt  are  the  first 
to  undergo  destruction.  I  have  also  pointed  out  that  in 
many  types  of  lesion  the  Purkinje  cell  belt  is  the  initial  scene 
of  activity,  which  activity  takes  the  form  of  neuroglia  cell 
overgrowth.  When  a  lesion  proceeds  no  farther  than 
destruction  of  Purkinje  cells,  it  is  evident  that  the  consequent 
alteration  of  function  must  be  relatively  coarse,  tantamount 
perhaps  to  a  mere  suspension  of  functional  discharge  from 
the  injured  focus. 

I  have  therefore  looked  over  a  number  of  cases  to  find 
examples  of  more  exquisite  injury  to  the  centripetal  or 
central  apparatus,  the  apparatus  which  must  have  much  to 
do  with  the  coordination  and  perhaps  with  the  inhibition  of 
impulses.  I  have  here  presented  a  few  cases  to  illustrate 
points  of  this  nature.  The  most  interesting  result  of  this 
study  is  the  observation  that  the  eosin-staining  structures  of 
Denissenko  are  remarkably  stable  structures  in  comparison 
with  the  other  elements  of  the  granule  layer. 

The  discovery  of  nucleated  structures  in  place  of  the  non- 
nucleated  structures  of  Denissenko  in  a  case  of  maldevelop- 
ment  (Case  I.)  seems  to  offer  hope  that  the  development  of 
these  structures  may  be  worked  out.  It  is  possible  that  the 
eosin  structures  of  Denissenko  stand  in  the  same  relation  to 
nucleated  structures  in  early  life  in  which  red  blood  globules 
stand  to  blasts.     Work  on  this  line  is  in  progress. 

The  observation  that  Purkinje  cells  can  develop  independ 
ently  of  granule  cells,  and  vice  versa  (Case  II.),  seems  to  be 
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consistent  with  the  conception  of  their  functional  independ- 
ence outlined  above.  Granule  cells  appear  to  develop 
together  and  are  supplied  with  the  eosin  structures  of  Denis- 
senko. 

A  case  of  typhoid  fever  with  small  hemorrhages  in  the 
cerebellar  pia  mater  (Case  III.)  offered  a  natural  experi- 
ment in  which  both  the  maximum  lability  of  the  Purkinje 
cells  and  the  initial  neuroglia  activity  of  the  Purkinje 
cell  belt  are  again  demonstrated.  The  case  likewise  pre- 
sented in  the  same  region  of  focal  atrophy  necrosis  of  granule 
cells,  among  which  however  the  eosin-staining  structures  of 
Denissenko  persist. 

Two  further  cases  (Cases  IV.  and  V.)  demonstrated  a 
curious  deposition  of  hyaline  material  and  lime  salts  confined 
largely  to  the  granule  layer.  The  lesion,  of  interest  in  itself, 
is  here  used  to  demonstrate  the  point  that  the  eosin-staining 
structures  persist  despite  the  atrophy  and  death  of  numerous 
granule  cells.  In  one  case  a  delicate  neuroglia  overgrowth 
occurred,  and  the  neuroglia  fibrils  are  found  embracing  but 
not  piercing  the  eosin-staining  structures. 

Work  is  in  progress  in  the  direction  suggested  by  Case  IV. 
Such  a  case  demonstrates  the  possibility  that,  despite  normal 
afferent  nerves  and  a  normal  discharging  apparatus  (the 
Purkinje  cells),  there  may  be  disorder  of  the  most  exquisite 
character  in  the  central  receptive  apparatus  (granule  layer) 
of  the  cerebellum. 
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DESCRIPTION  OF  PLATES. 

Plate  IV. 

Figs,  i,  2,  3.  — Cerebellum  in  Case  I.  (case  of  cystic  aplasia  of  the  cere- 
bral hemispheres  with  absence  of  pyramidal  tracts). 

Fig.  1.  —  Note  the  relative  cell-richness  of  the  granule  layer.  Compare 
with  the  normal  cell  supply  of  the  granule  layer  as  shown  in  Fig.  8. 

Fig.  2. —  Same  case  as  Fig.  1.  Granule  layer  showing  supernormal  cell- 
richness  as  compared  with  the  adult.  Note  spaces  between  the  granule 
cell  clusters.     Spaces  contain  single  central  nuclei. 

Fig.  3.  —  Same  case  as  Figs.  1  and  2.  Large  cells  of  white  matter,  one 
containing  two  nuclei  and  dark-staining  central  bodies.  These  cells  are 
probably  of  the  neuroglia  series  and  possibly  of  the  same  type  as  those 
filling  the  clear  spaces  of  the  granule  layer  shown  in  Fig.  1  and  particu- 
larly in  Fig.  2. 

Plate  V. 

Figs.  4,  5,  6. — Cerebellum  in  Case  II.  (Case  of  cerebellar  anomaly: 
absence  of  lamination  in  part  of  superior  surface  of  cerebellum  in  an 
epileptic  imbecile). 

Fig.  4. — Note  irregular  contours  of  tissue  representing  the  granule 
layer.     Heterotopia  of  Purkinje  cells. 

Fig.  5. — Heterotopia.  Granule  layer  ring  with  Purkinje  cells  both 
inside  and  outside. 

Fig.  6.  — Group  of  Purkinje  cells  growing  independently  of  the  granule 

layer. 

Plate  VI. 

Figs.  7,  8.  —  Cerebellum  in  Case  III.  (case  of  typhoid  fever  with  small 
hemorrhages  in  the  pia  mater  of  the  cerebellum).  The  two  photographs 
are  from  the  same  lamina.  Fig.  7  is  taken  from  the  injured  side  of  the 
lamina,  Fig.  8  from  the  uninjured  side.  The  differences  are  due  to  the 
presence  of  a  focus  of  pial  hemorrhage  opposite  Fig.  7,  absent  opposite 
Fig.  8.  The  hemorrhage  is  not  shown  in  Fig.  8,  which  exhibits  its 
effects  across  the  intervening  molecular  layer.     Fig.  8  shows 

1.  Persistence  of  but  one  Purkinje  cell,  which  was  intensely  eosino- 

philic and  shows  an  eccentric  nucleus; 

2.  Sparse  and  pyknotic  granule  cell  nuclei  in  one  focus  adjacent  to 

the  Purkinje  cell  belt;  and 

3.  Numerical  increase  of  neuroglia  cells  in  the  Purkinje  cell  belt 

itself. 

The  lesions  of  Fig.  7  are  shown  nowhere  else  in  the  affected  lamina  or 
in  adjacent  laminae.     Fig.  8  shows  essentially  normal  appearances. 

Plate  VII. 

Fig.  9.  —  Cerebellum  in  Case  IV.  (case  regarded  as  dementia  praecox). 
Lamina  with  coarse  masses  of  lime,  locally  replacing  groups  of  elements 
in  the  granule  layer.  Besides  the  large  masses  numerous  smaller  masses 
occur  throughout  the  granule  layer,  and  there  is  a  diffuse  delicate  fibrillar 
gliosis  throughout. 
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Plate  VIII. 

Figs,  io,  ii.  —  Cerebellum  in  Case  V.  (case  without  nervous  symptoms 
dying  of  acute  purulent  pericarditis.  Foci  of  calcification  found  also  in 
liver  and  kidneys).  Compare  Fig.  9.  Marked  atrophy  of  elements  of 
granule  layer.  The  granule  cells  preserve  their  arrangement  in  clusters. 
Small  homogeneous  apparently  structureless  bodies,  slightly  larger  than 
granule  cells,  of  a  rounded  or  oval  shape  in  section  —  structures  (so- 
called  "  cells")  of  Denissenko — persist.  Fig.  11  shows  a  swollen  fibril- 
producing  neuroglia  cell.  The  fibrils  stretch  out  to  embrace  a  persistent 
structure  of  Denissenko. 

Plate  IX. 

Figs.  12,  13.  — Atrophy  of  granule  cells  with  volume  of  layer  largely 
maintained.    Structures  of  Denissenko  persist. 
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ON     THE     OCCURRENCE     OF      OXIDATIVE     FERMENTS     IN     A 

MELANOTIC  TUMOR   OF   THE  LIVER.* 

Carl  L.  Alsberg. 
(From  the  Laboratory  of  Biological  Chemistry  of  the  Harvard  Medical  School,) 

Enzymes  capable  of  oxidizing  aromatic  hydroxyl  com- 
pounds to  black  substances  of  the  melanin  class  occur  very 
frequently  in  plants.  In  animals  such  enzymes  have  been 
found  less  frequently.  They  are  known  to  exist  in  the  blood 
of  insects  and  Crustacea  and  to  their  action  the  darkening  of 
the  blood  of  these  animals  on  exposure  to  air  has  been 
attributed.  In  the  lining  of  the  ink-bag  of  the  squid  a 
similar  enzyme  has  been  found.  Most  of  these  enzymes 
have  the  power  of  oxidizing  tyrosin  to  a  black  substance, 
and  are  therefore  known  as  tyrosinases.  In  some  instances 
the  enzyme  is  unable  to  attack  tyrosin,  though  able  to  attack 
the  more  easily  oxidizable  aromatic  hydroxyl  compounds,  as 
for  instance  hydrochinon.  Of  this  nature  was  the  enzyme 
discovered  by  Pieri  and  Portier !  in  the  gills  and  antennae  of 
acephalae.  In  vertebrates  no  such  melanin-forming  enzyme 
has  hitherto  been  described,  v.  Fiirth2  suggests  that 
enzymes  of  this  class  occur  perhaps  in  all  animals.  He  sug- 
gests further  that  the  most  promising  place  in  the  higher 
animals  to  search  for  them  is  in  melanotic  tumors.  Here 
much  pigment  is  formed  in  a  short  time,  for  the  amount 
excreted  daily  in  the  urine  in  such  cases  may  be  considerable. 

When  therefore  through  the  kindness  of  Professor  Mallory 
I  came  into  the  possession  of  a  much  enlarged  human  liver 
which  was  colored  uniformly  and  diffusely  black,  I  endeavored 
to  discover  in  it  an  enzyme  capable  of  oxidizing  aromatic 
hydroxyl  compounds.  As  Dr.  G.  B.  Magrath  who  performed 
the  autopsy  kindly  informed  me,  the  primary  tumor  was  prob- 
ably situated  in  the  eye,  for  the  patient  had  shown  early  ocular 
symptoms.  The  opening  of  the  head  was  not  allowed.  The 
patient  had  also  passed  urine  containing  melanin. 

*  Received  for  publication  Jan.  25, 1907. 
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The  liver  was  finely  ground  up  and  the  juic^  squeezed  out 
in  a  press.  The  juice  was  quite  black  and  opaque.  Many 
attempts  were  made  to  remove  the  pigment  without  injuring 

4 

the  enzymes,  but  they  all  failed.  The  ajjtempts  to  get  a 
pale  extract  from  the  liver  pulp  remaining  behind  in  the 
press  were  also  unsuccessful.  The  aqueous  solutions  as  well 
as  the  glycerin  extracts  were  quite  black.  An  attempt  to 
remove  the  pigment  by  means  of  fractional  precipitation 
with  ammonium  sulphate  was  unsuccessful  because  at  con- 
centrations, which  had  removed  nearly  all  the  coagulable 
proteid,  the  filtrate  was  still  colored.  The  greatest  amount 
of  pigment  was  removed  by  acidifying,  though  the  filtrates 
were  still  very  dark  and  the  acid  seemed  to  exert  a  deleteri- 
ous influence  upon  the  enzymes.  I  was  therefore  compelled 
to  use  a  very  little  of  the  expressed  juice  or  the  extract  in  a 
considerable  quantity  of  the  solution  of  the  aromatic  com- 
pound. Even  then  the  mixture  had  a  light  dirty  gray  color. 
The  method  of  procedure  was  as  follows:  To  about  twenty 
cubic  centimeters  of  a  saturated  aqueous  tyrosin  solution, 
or  a  fairly  strong  aqueous  pyrocatechin  solution,  a  few  drops 
of  the  expressed  juice  or  the  extract  were  added.  The 
mixture  was  then  divided  into  two  parts,  of  which  one  was 
boiled.  Both  were  placed  in  the  thermostat  over  night  at 
37°  C.  In  the  morning  the  unboiled  pyrocatechin  was  invari- 
ably very  much  darker  than  the  boiled  control.  In  some 
cases  it  was  quite  black  and  opaque.  In  the  bottom  of  the 
test-tube  there  was  usually  a  gray-black  precipitate  which 
appeared  to  be  a  mixture  or  compound  of  the  proteid  con- 
tained in  the  extract  with  the  oxidized  pyrocatechin.  In  the 
case  of  tyrosin  the  results  were  less  clean  cut.  Sometimes 
no  appreciable  darkening  of  the  unboiled  solution  could  be 
observed.  In  other  cases  there  was  a  distinct  though  slight 
darkening.  Whether  the  enzyme  acts  upon  tyrosin  must 
therefore  be  left  undetermined,  though  it  seems  probable 
that  the  inconstancy  of  the  results  was  due  to  the  great  dilu- 
tion in  which  the  enzyme  had  to  be  used.  As  a  control  the 
action  of  the  expressed  juice  of  a  normal  human  liver  and 
its  extract  were  tested  upon  both  tyrosin  and  pyrocatechin 
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in   exactly  the   same   way.     In   all   cases  the  results  were 
negative. 

Though  it  is  clearly  realized  that  it  is  unsafe  to  generalize 
from  a  single  case,  nevertheless  it  was  thought  wiser  to 
record  these  results  as  a  stimulus  to  further  work  along  these 
lines  than  to  wait  years  in  order  to  accumulate  more  of  these 
rather  rare  cases. 
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FATTY  TUMOR    OF    KIDNEY    SUGGESTING  A   METAMORPHOSIS 
OF  ADRENAL  CELLS   INTO  TRUE   FAT.* 

C.  B.  Keenan,  M.D.,  D.S.O. 
(Assistant  Surgeon  to  the  Royal  Victoria  Hospital.) 

AND 

Edward  W.  Archibald,  B.A.,  M.D. 

(Assistant  Surgeon  to  the    Royal   Victoria   Hospital,  Associate  Surgeon  to  the 

Children's  Memorial  Hospital,  Montreal^  Canada?) 

While  heterogeneous  tumors  by  their  very  obscurity,  as 
well  as  by  their  suggestiveness  from  the  histogenetic  stand- 
point, must  always  be  interesting,  it  would  seem  that  a  some- 
what special  interest  might  be  attached  to  the  finding  of 
fatty  tumors  in  the  kidney. 

To  find  in  the  kidney,  in  which  normally  fat  is  absent,  a 
tumor  consisting  wholly  or  largely  of  fat  naturally  awakens 
conjecture.  Possibly  it  was  this  direction  of  thought  that 
led  Grawitz1  to  investigate  more  accurately  those  fat-like 
growths  of  the  kidney  which  Virchow  had  described  as  pure 
lipomata.  Since  his  important  discovery  in  1883,  that  these 
apparent  lipomata  were  in  many  cases  misplaced  and  over- 
grown adrenal  structure,  a  large  number  of  articles  have 
appeared,  for  the  most  part  confirming,  enlarging,  and 
modifying  his  work. 

Now  while  the  great  majority  of  these  tumors  (since 
described),  arising  in  adrenal  rests,  are  typical  and  easy  of 
diagnosis  upon  a  reasonably  careful  microscopical  examina- 
tion, there  have  been  a  few  which  by  virtue  of  containing  a 
certain  amount  of  typical  fat,  and  not  merely  adrenal  cells 
filled  with  fat,  have  occasioned  doubt  as  to  whether  they  were 
lipomata  or  hypernephromata ;  there  have  been  other  growths 
described  as  undoubted  pure  lipomata,  others  again  as  fibro- 
lipomata,  angio-lipomata,  or  lipo-myomata,  all  however  con- 
taining fat  as  their  principal  element.  In  order  to  clear  the 
ground  for  our  own  case,  it  may  be  well  at  this  point  to 
review  briefly  this  aspect  of  the  subject. 

*  Received  for  publication  Jan.  28,  1907. 
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In  analyzing  the  literature  of  fatty  tumors  of  the  kidney 
we  have  been  able  to  distinguish  several  classes  of  growth, 
some  well  established,  others  depending  on  a  theory  of  the 
author  concerned.  First  we  have  the  typical  Struma  supra- 
renalis  aberrans  of  Grawitz,  since  known  under  the  more  con- 
venient name  of  Hypernephroma  (Birch-Hirschfeld).  This 
is  a  tumor  which  is  fatty  only  upon  macroscopical  observa- 
tion. Dissolve  the  fat  with  alcohol  during  preparation  for 
stained  sections  and  one  finds  macroscopically  large  cells 
very  deficient  in  protoplasm  (the  latter  having  been  replaced 
by  fat)  well  named  by  Albarran  "  the  large  clear  cells/' 
which  are  frequently  arranged  in  cylinders  or  columns  so  as 
to  resemble  markedly  the  Zona  fasciculata  of  the  adrenal 
cortex,  and  are  very  apt  to  contain  glycogen.  In  short,  a 
picture  which  to  pathologists  nowadays  is  so  well  known 
as  to  render  further  description  on  our  part  unnecessary. 
Neither  is  it  our  intention  to  describe  here  the  variations  of 
growth  which  hypernephromata  may  exhibit;  that  is,  the 
sarcomatous  or  the  carcinomatous  variation  with  the  dis- 
appearance of  fat,  the  hemorrhagic  and  cystic  degeneration, 
the  malignant  type  of  metastases,  and  so  on.  What  we  wish 
here  to  keep  prominent  as  the  type  of  this  class  is  the 
ordinary  hypernephroma  which,  by  virtue  of  its  fat  content, 
used  to  be  and  macroscopically  may  still  be  mistaken  for 
true  lipoma. 

In  the  second  place,  there  is  the  true  lipoma.  After 
Grawitz's  discovery  the  tendency  was  to  revise  former 
diagnoses  and  set  down  all  previously  described  lipomata  as 
hypernephromata.  Soon,  however,  a  proper  investigation 
showed  that  true  lipomata  did  occur  in  the  kidney,  but  that 
they  were  rare  and  never  exceeded  the  size  of  a  cherry. 
Selter,2  who  recently  reviewed  the  older  cases  critically, 
came  to  the  conclusion  that  of  these  the  larger  ones  were  all 
instances  of  replacement  lipomatosis,  arising  from  the  fat 
round  the  pelvis  of  the  kidney,  as  the  result  of  irritation 
from  calculus ;  at  least  he  found  a  calculus  present  in  all  but 
two  of  the  cases,  while  the  smaller  ones  were  practically 
herniated  from  the  capsule  into  the  kidney  tissue.     Grawitz 
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and  Horn 8  had  previously  come  to  the  same  conclusion  as 
to  the  larger  tumors — in  Grawitz's  words,  that  the  fat  was 
"  perinephritic  and  homooplastic." 

Virchow's  theory  concerning  the  development  of  fat  is 
well  known.  Writing  in  his  "  Onkologie  "  upon  lipoma  of 
the  kidney  (and  as  a  matter  of  fact,  one  at  least  of  his  cases 
was  a  true  lipoma  according  to  Grawitz's  later  investiga- 
tions), he  said :  "In  this  organ  fat  is  heteroplastic.  When 
one  can  follow  its  development  clearly  it  arises  in  the  same  way 
as  fat  tissues  generally;  that  is,  there  occurs  first  a  prolifera- 
tion of  connective  tissue,  then  the  new-formed  cell  agglomera- 
tions change  into  a  fat  lobule  by  taking  up  fat  in  the  interior 
of  the  cells.  In  this  way  there  arise  fat  nodules  in  the  kid- 
ney up  to  the  size  of  a  cherry,  consisting  of  fully  developed, 
moderately  vascular,  and  sometimes  lobulated  fat." 

Beneke,4  Alsberg,6  and  Warthin,6  among  others,  have 
expressed  strongly  their  adherence  to  this  theory,  upon  the 
basis  of  cases  described  by  them.  Beneke  holds  that,  in 
sharp  contrast  with  fatty  infiltrated  adrenal  rests,  there  do 
occur  in  the  kidney  true  lipomata,  which  grow  by  a 
gradual  "  lipomatous  infection"  of  the  renal  connective 
tissue,  with  simultaneous  necrosis  of  the  parenchyma  and 
glomeruli.  "  Macroscopically,"  he  says,  ''the  small,  soft, 
yellowish  tumors  found  in  the  kidney  may  turn  out  micro- 
scopically to  be  either  true  lipoma,  true  adenoma,  or  adrenal 
rest,  with  or  without  adenomatous  overgrowth." 

Of  these  tumors  described  as  lipomata  apparently  only 
four  attained  any  material  size :  Alsberg's,5  Grawitz's,7  War- 
thin's,6  and  Bartsch's.8  Warthin's  case  was  a  most  remark- 
able one.  The  tumor  was  fourteen  inches  long,  eight  inches 
wide,  and  six  inches  thick;  it  weighed  two  pounds.  It  was 
essentially  a  fibro-lipoma  which  had  begun  probably  in  the 
connective  tissue  surrounding  the  large  blood  vessels  in  the 
boundary  between  cortex  and  medulla,  and  had  grown 
chiefly  towards  the  pelvis  away  from  the  cortex.  It  possessed 
no  well  marked  capsule,  but  invaded  the  kidney  in  such  a 
way  as  to  cause  atrophy  of  the  latter  while  filling  up  the 
pelvis    and    projecting    some    distance    down    the    ureter. 
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Microscopically  it  showed  all  variations  between  hard 
fibromatous  and  pure  fat  tissue,  the  one  element  predominat- 
ing over  the  other  according  to  the  area  in  which  the  section 
was  taken.  Nowhere  could  be  found  any  evidence  of 
adrenal  cells,  or  tissue  of  any  kind.  The  blood  vessels  were 
rather  numerous  and  large,  with  thick  walls,  but  had  not 
undergone  hyaline  nor  amyloid  degeneration.  There  were  no 
areas  of  hemorrhage  nor  deposit  of  pigment. 

Grawitz's  case,  which  he  entitled  "  Angio-myo-lipoma  of  the 
kidney  "  was  a  tumor  of  the  size  of  a  man's  head.  It  replaced 
most  of  the  right  kidney  leaving  the  poles  free.  There  had 
been  no  blood  in  the  urine.  It  measured  23  X  19  x  12  centi- 
meters and  weighed  twenty-two  hundred  and  fifty  grams ; 
it  extended  from  the  hilus  to  the  cortex  and  was  situated 
inside  the  kidney  capsule.  Its  main  constituent  was  fat, 
and  Grawitz  believed  that  it  probably  arose  from  the  fat  of  the 
pelvic  region.  It  was  not  an  infiltrating  growth,  but  there  was 
a  fibrous  compression  capsule  around  it  of  kidney  tissue. 
Some  areas  of  the  growth  gave  the  appearance  of  an  arterial 
angioma,  with  such  abundant  growth  of  smooth  muscle  fibers 
that  the  picture  reminded  one  of  a  myoma ;  but  even  in 
these  areas  fatty  lobules  were  inserted,  and  the  main  mass 
was  lipomatous.  Grawitz  called  it  a  rarity  of  the  first  order. 
It  was  the  first  case  of  lipoma  of  the  kidney  that  he  had  seen 
which  demanded  operation.  From  his  description  the  tumor 
evidently  belongs  to  the  class  denominated  by  Mueller,  mixed 
fatty  tumors  of  the  kidney,  inasmuch  as  it  contained  muscle, 
although  mostly  lipomatous. 

In  Bartsch's  case  (we  quote  from  Albarran,  not  having 
access  to  the  original)  the  tumor  formed  with  the  kidney  a 
mass  twenty- five  centimeters  long,  nineteen  centimeters 
wide,  and  twelve  centimeters  thick;  its  weight  was  twenty- 
two  hundred  and  fifty  grams.  It  contained  some  smooth 
muscle  tissue,  in  spite  of  which  Albarran  accepts  it  as  a  pure 
lipoma.  In  our  opinion  it  also  comes  more  naturally  into 
the  class  of  growths  denominated  by  Mueller  mixed  fatty 
tumors  of  the  kidney. 

The  kidney,  in  Alsberg's  case,  was    the  size  of  a  child's 
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head.  Upon  section  the  renal  substance  was  found  to  be 
studded  with  tumor  nodules  of  a  yellowish  color,  which,  in 
the  fresh  state,  showed  a  fatty  luster.  They  were  scattered 
fairly  evenly  through  the  organ,  both  in  the  cortical  and 
medullary  areas ;  their  size  varied  greatly,  from  that  of  a  mil- 
let-seed up  to  that  of  a  walnut,  and  they  were  mostly  of  a 
globular  shape.  The  larger  nodules  were  sharply  delimited 
from  the  kidney  substance  and  could  be  easily  enucleated. 
The  renal  tissue  was  not  much  altered,  save  that  near  the 
nodules  it  was  usually  grayish,  and  in  spots  soft  and  friable. 
Microscopically,  many  of  them  consisted  of  pure  fat;  in 
others,  besides  the  fat,  abundant  fibrous  tissue,  giving  a  struct- 
ure resembling  that  of  subcutaneous  tissue.  But  most 
remarkable  of  all  were,  in  Alsberg's  opinion,  certain  areas, 
found  near  each  nodule,  of  dense,  young,  fibroblastic  tissue, 
resembling  somewhat  spindle-celled  sarcoma,  in  which  in 
places  the  vessels  were  greatly  overgrown.  In  these  "  fibro- 
blastic clumps  "  there  were  to  be  seen  a  few  fat  cells  here  and 
there,  and  Alsberg  considered  that  the  latter  was  formed  from 
the  former,  according  to  Virchow's  theory.  All  these  nod- 
ules were  practically  identical,  one  with  another,  with  one 
exception,  which  proved  to  be,  microscopically,  a  typical 
adrenal  rest. 

This  observation,  of  the  simultaneous  yet  independent  pres- 
ence of  pure  lipoma  and  pure  adrenal  rest  in  one  kidney, 
had  been  already  made  by  Grawitz  and  by  Horn.  Accord- 
ing to  the  former,  the  explanation  lies  in  a  "  simultaneous 
inclusion."  In  one  of  Horn's  cases,  and  also  in  one  described 
by  Mueller,9  the  nodule  was  composed,  microscopically,  half 
of  pure  fat  and  half  of  typical  adrenal  tissue,  the  one  not 
shading  off  into  the  other.  It  may  be  remembered  in  pass- 
ing that  of  Horn's  cases,  Nos.  13  and  14  showed  no  slight 
resemblance  to  our  case ;  a  detailed  comparison  may 
be  reserved  for  the  later  discussion.  These  "simultaneous 
inclusion  "  cases  we  are  inclined  to  place  in  a  group  by  them- 
selves, the  third  group. 

A  fourth  group  of  tumors,  in  which  fat  is  the  principal  ele- 
ment, is  found  in  the  so-called  "  lipomatous  mixed  growths 
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(Mischgeschwiilste)  of  the  kidney,"  described  particularly 
by  Mueller.9  It  must  be  remarked,  parenthetically,  that  the 
"mischgeschwiilst "  of  the  kidney  indicates  usually  among 
pathologists  that  very  malignant  form  of  growth  which  is 
often  called  adenosarcoma  and  belongs  almost  exclusively 
to  infancy  and  childhood.  From  these  Mueller's  small  lipo- 
mata  or  lipo-sarcomata  described  below  must  be  clearly  dif- 
ferentiated. The  latter  belong  to  adult  life  mainly  and  are 
easily  explained  as  capsular  inclusions,  while  the  former  may 
perhaps  be  better  explained  by  Wilm's  well-known  theory 
of  very  early  misplacement.  In  certain  cases  of  kidney 
tumor,  which  were  apparently  either  pure  lipomata,  or  lipo- 
mata  in  combination  with  sarcomatous  growths,  Mueller 
found  muscle  cells  —  at  least  he  interprets  them  as  muscle 
cells  —  sometimes  in  very  small  numbers,  sometimes  forming 
a  considerable  part  of  the  growth.  This  observation,  it  may 
be  remarked,  had  already  been  made  by  Lubarsch 10  and 
Manasse.11  These  muscle  cells  Mueller  found  most  fre- 
quently in  the  fibrous  tissue  separating  the  tumor  from  the 
kidney  substance,  a  circumstance  which  suggested  to  him 
that  the  tissue  must  be  merely  part  of  the  kidney  albuginea 
misplaced ;  and  in  this  he  found  a  support  for  his  argument 
that  the  tumors  in  question  were  heterotopic,  representing  a 
dislocation  of  fragments  both  of  the  fatty  and  the  fibrous  cap- 
sule of  the  kidney. 

In  one  case,  already  referred  to  —  a  horseshoe  kidney  — 
Mueller  found  a  nodule  of  the  size  of  a  mark-piece,  which 
contained  side  by  side,  yet  independent  of  each  other,  fat 
and  adrenal  tissue.  There  were  no  transition  pictures.  The 
fat,  however,  seemed  to  be  sending  out  processes  into  the 
adrenal  structure,  as  if  it  were  beginning  to  overgrow  the 
other;  from  which  Mueller  concluded  —  on  quite  insuffi- 
cient grounds  —  that  ultimately  a  pure  lipoma  might  have 
resulted;  not,  however,  be  it  expressly  remarked,  as  the 
result  of  the  fatty  degeneration  of  the  adrenal  epithelium,  for 
in  that  he  plainly  states  his  disbelief,  but  rather  through  an 
active  overgrowth  of  the  fat  and  consequent  destruction  of 
the  adrenal  portion  by  it. 

Horn's  cases  (Nos.   13  and   14)  might  also  be  described 
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at  this  point  inasmuch  as,  although  containing  no  muscle 
tissue,  his  explanation  of  the  findings  corresponds  with 
Mueller's  theory  as  given  above.  Number  thirteen  was  a 
small  yellowish  nodule,  1.75  centimeters  in  diameter,  lying  in 
the  lower  pole  of  the  left  kidney.  It  was  situated  underneath 
the  capsule  and  extended  from  there  into  the  pelvis.  It  had  no 
true  capsule  and  its  color  varied  from  yellow  in  the  center  to 
white  or  red-brown  at  the  periphery.  The  main  mass  con- 
sisted of  spindle  cells  and  vessels,  but  at  the  center  there 
were  large  spaces  about  the  size  of  a  fat  cell  filled  with  large 
and  small  fat  droplets,  while  at  the  periphery  there  were 
rows  and  double  rows  of  epithelial  cells  identical  in  size  with 
the  fat  filled  spaces  and  even  a  few  epithelial  cells  were  to  be 
seen  here  and  there  between  the  spindle  cells. 

Number  fourteen  was  a  small  yellow  tumor  lying  under- 
neath the  capsule  and  not  separated  from  the  kidney  tissue. 
The  greater  portion  of  this  tumor  consisted  of  regular  fat 
tissue,  but  there  were  also  rows  and  double  rows  of  polygonal 
epithelial  cells  undoubtedly  of  adrenal  origin.  He  considers 
both  these  to  be  instances  of  contemporaneous  development 
of  two  unrelated  tissues,  that  is,  true  fat  and  adrenal  tissue. 

A  fifth  and  last  group  is  constituted  by  such  collections 
of  fat  in  the  kidney  as  Ulrich  12  described.  His  observations 
were  made  upon  five  cases,  in  none  of  which  was  the  fatty 
growth  larger  than  a  cherry.  He  contests  Virchow's  theory, 
which  would  have  the  fat  to  develop  by  metaplasia  out  of 
proliferated  interstitial  connective  tissue ;  for  this  there  is  not 
enough  proof,  he  says,  though  he  admits  its  possibility 
theoretically.  On  the  other  hand,  the  Grawitz  idea  of  dislo- 
cation or  inclusion  of  portions  of  the  fatty  capsule,  while 
possible,  is  unlikely.  Excluding  these  theories  he  comes, 
by  a  careful  microscopical  examination  of  his  five  cases,  to 
the  conclusion  that  these  so  called  lipomata  are  really  nothing 
but  a  very  loose  connective  tissue  surrounding  localized  areas 
of  urinary  tubules,  of  which  the  tube-like  spaces  are  filled 
with  fat,  this  fat  being  a  sort  of  substitution  product  replac- 
ing destroyed  kidney  epithelium,  and  forming,  by  confluence, 
larger   or   smaller    fat    globules.       In    short,   the    so-called 
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lipomata,  Ulrich  insinuates,  are  in  most  cases,  if  not  in  all, 
mere  degeneration  products,  if  the  term  may  be  so  used ;  in 
other  words,  a  sort  of  replacement  lipomatosis. 

To  summarize,  we  have  then  five  classes  of  fatty  growth  in 
the  kidney : 

1.  The  typical  hypernephroma,  looking  like  a  lipoma; 

2.  The  true  lipoma ; 

3.  The  combination  of  these  two  in  one  nodule,  lipo- 

hypernephroma,  if  we  may  call   them    so,  each 
element  remaining  separate ; 

4.  The  lipo-myoma,  or  lipo-myo-sarcoma  of  Mueller, 

and 

5.  The  degeneration  lipoma  of  Ulrich. 

The  tumors  hitherto  described-  under  these  various  types 
have  all  been  very  small,  not  larger  than  a  cherry,  or  at 
most  a  walnut,  with  the  four  exceptions  already  mentioned. 
But  even  in  Alsberg's  case,  the  largest  of  the  individual  new 
growths  in  the  kidney  was  no  larger  than  a  walnut. 
Warthin's  resembles  our  own  in  size.  Those  of  Grawitz  and 
Bartsch  are  really  mixed  tumors  in  the  sense  of  containing 
muscle  as  well  as  fat,  but  are  included  in  the  present  sum- 
mary because  of  their  having  attained  a  much  larger  size 
than  any  others  reported,  and  because  of  their  being  chiefly 
lipomatous  in  nature. 

Having  now  indicated  briefly  the  nature  of  the  various 
fatty  growths  of  the  kidney  hitherto  described,  and  the 
theories  propounded  in  explanation  of  their  genesis,  we  may 
proceed  to  describe  the  tumor  that  forms  the  basis  of  this 
article,  and,  later,  attempt  to  establish  the  differential 
diagnosis. 

The  patient,  Mrs.  A.  D.f  from  whom  the  present  tumor  was  removed, 
entered  the  Royal  Victoria  Hospital  in  February,  1905,  complaining  of  a 
lump  in  the  right  side  of  the  abdomen  and  of  a  dull  dragging  pain  felt  in 
the  same  region.  She  had  noticed  the  mass  accidentally  about  May,  1903, 
since  then  no  change  in  size,  as  far  as  patient  could  judge,  took  place. 
About  August,  1903,  patient  commenced  to  have  occasional  slight  attacks 
of  dull  pain,  felt  only  in  the  region  of  the  mass,  and  these  slowly  increased 
in  frequency,  duration,  and  severity.     The  patient  thought  she  had  failed 
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slightly  in  weight,  but  she  was  still  well  nourished  and  there  had  never 
been  other  than  normal  urine  in  character  and  amount. 

Examination  showed  a  large,  hard,  smooth,  globular  and  movable  but 
not  tender  mass  in  the  region  of  the  right  kidney. 

The  tumor  with  the  persisting  remnants  of  the  kidney  was  easily 
removed  through  the  usual  lumbar  incision  and  the  patient  made  an 
uninterrupted  recovery  and  is  quite  well  at  present,  i.e.,  January,  1907. 

Macroscopical  description.  —  The  specimen,  received  at 
the  Pathological  Department,  consisted  of  the  tumor  with 
some  preserved  kidney  tissue.  The  weight  was  three 
hundred  and  fifty  grams ;  size  9.5  X  8.5  X  5.7  centimeters; 
the  tumor  proper  was  4.7  centimeters  in  diameter  and  showed 
plainly  its  separation  from  the  remaining  kidney  tissue,  which 
consisted  of  the  upper  and  lower  poles.  It  occupied  the 
center  of  the  convexity  and  appeared  to  divide  the  kidney 
both  longitudinally  and  transversely ;  it  was  underneath  the 
kidney  capsule.  The  ureter  was  patent  and  the  pelvis,  save 
for  being  slightly  dilated,  was  unaltered. 

Upon  section  along  the  convexity  the  mass  was  found  to 
be  globular,  and  to  extend  from  immediately  under  the 
capsule  well  into  the  pelvis,  thus  occupying  and  replacing 
the  whole  central  portion  of  the  kidney.  It  was  well  marked 
off  from  the  kidney  tissue  but  had  no  definite  capsule.  This 
is  well  seen  in  the  portion  projecting  into  the  pelvis. 

Toward  the  center  a  rather  large  area  of  the  tumor 
appeared  to  consist  of  ordinary  fat,  but  without  trace  of 
lobulation.  This  shaded  off  into  a  more  friable  zone  of  a 
grayish  color,  which  showed  considerable  reddish-brown 
mottling,  giving  the  impression  that  it  was  stained  by  extrav- 
asated  blood.  In  one  place  this  grayish  material  was  well 
marked  off  from  the  surrounding  more  yellowish  tissue  and 
appeared  as  a  distinct  localized  nodule  which  only  on  one  side 
shaded  off  gradually  into  the  yellowish  areas,  as  shown 
in  the  photograph,  but  in  other  places  the  transition  was 
gradual. 

Two  small  fatty  looking  masses,  about  three  centimeters  in 
diameter,  were  present,  deep  in  the  kidney  tissue  of  the  upper 
pole,  and  proved  on  careful  examination  to  be  separate  from 
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the  larger  tumor.     No  trace  of  a  capsule  could  be  found 
here. 

Microscopical  description.  —  The  tumor  may  be  described 
briefly  as  consisting  in  the  main  of  fat-like  tissue,  in  which 
are  scattered  areas  of  vessels,  mostly  thick  walled  and  sur- 
rounded by  what  appears  on  superficial  examination  to  be 
young  fibrous  tissue;  while  in  the  third  place  there  are 
found  here  and  there,  though  mainly  in  the  periphery,  small 
areas  of  large,  irregular-shaped,  fat-containing  cells  of  inde- 
terminate type,  —  cells  which  we  may  at  the  outset  call  the 
true  tumor  cell,  forming,  as  we  believe,  the  parenchyma  of 
the  growth. 

Taking  the  sections  more  in  detail,  and  leaving  the  more 
important,  that  is,  the  true  tumor  cell,  to  the  last,  we  may 
begin  with  a  detailed  description  of  the  fibro-vascular  por- 
tions. These  may  be  regarded  as  probably  the  stroma  of 
the  tumor.  The  elements  which  go  to  make  it  up  are,  on 
the  one  hand,  vessels,  and  on  the  other,  strands  of  fairly 
dense  but  cellular  connective  tissue.  The  vessels  are  arterial 
and  capillary,  the  former  are  extremely  thick  walled  and 
are  numerous,  and  while  they  are  found  in  spots  all  through 
the  tumor  they  are  especially  frequent  at  the  periphery  of 
the  growth.  Similar  vessels  are  even  seen  outside  the  periph- 
ery of  the  tumor  in  the  almost  unaltered  kidney  tissue,  a 
fact  which  leads  one  to  consider  them  as  persisting  kidney 
vessels.  As  a  rule  the  thickening  appears  to  involve  mainly 
the  intima,  being  a  true  endarteritis.  There  is  frequently 
seen  also  a  disposition  of  hyaline  material  which  is  found  in 
all  degrees,  chiefly  in  the  intima,  and  in  it  are  seen  a  few 
fibrous  tissue  cells  of  spindle  shape.  The  lumen  is  often 
greatly  narrowed,  sometimes  completely  obliterated.  As  to 
the  media  and  adventitia  they  also  appear  to  be  often  hyper- 
trophied,  a  point,  however,  which  is  not  easy  to  prove. 

These  thick-walled  vessels  are  apt  to  run  in  what  may  be 
called  aggregations,  so  that,  in  the  cross  section,  they  form 
islands.  Enclosing  them  there  is  frequently  found  a  con- 
siderable amount  of  fairly  dense  but  cellular  connective 
tissue,  rather   young   in    type    than    otherwise,  —  a  fibrillar 
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tissue  containing  loosely  packed  spindle-cells  running  in 
bands  in  several  directions  so  as  to  interlace,  and  frequently 
showing  longitudinal  and  cross  sections  of  these  bands  in  the 
one  field.  They  are  not  sufficiently  numerous  nor  aggre- 
gated in  large  enough  clumps  to  give  the  impression  of 
spindle-cell  sarcoma,  and  indeed  it  is  probable  that  they 
represent  longitudinal  and  oblique  cuts  of  the  vessels.  In 
places  it  is  difficult  to  be  sure  that  they  are  not  partly  com- 
posed of  smooth  muscle  fibers.  The  capillaries  are  found  not 
only  in  these  islands  of  thick-walled  vessels,  but  also,  and 
indeed  more  especially,  in  the  periphery  of  the  tumor,  where 
one  gets  aggregations  of  the  true  tumor  cells;  they  cor- 
respond to  the  ordinary  capillary  present  in  new  growths. 

Near  the  periphery  of  the  tumor  one  sees  that  the  vessels 
are  not  infrequently  somewhat  compressed  as  to  their  lumina 
by  a  growth  of  tumor  cells,  which  seem  to  be  advancing 
along  the  perivascular  sheaths.  The  tumor  cells  appear  to 
break  slightly  through  the  pseudo-capsule  of  compressed 
kidney  tissue,  and,  as  a  matter  of  fact,  to  do  so  mainly  along 
the  course  of  these  thick-walled  vessels. 

In  the  second  place,  we  may  describe  the  element  of  fat 
which  forms  so  great  a  portion  of  the  tumor.  At  the  out- 
set it  may  be  mentioned  that  the  relation  between  the  fat 
areas  and  the  true  tumor  cells  seems  to  be  one  of  transition ; 
the  one  goes  over  insensibly  into  the  other.  Starting  from 
the  center  of  the  tumor  we  find  that  the  bulk  of  the  tissue 
here  is  apparently  pure  fat ;  towards  the  periphery  it  loses 
its  fatty  character  to  take  on  gradually  the  character  of  the 
tumor  cell  mentioned. 

Microscopically,  the  fat  is  composed,  in  the  main,  of 
typical  fat  cells,  or  at  any  rate,  of  fat  spaces,  with  the  nucleus 
frequently  not  appearing  in  the  section.  When  present  the 
nucleus  is  often  in  the  center  of  the  cell,  though  sometimes 
pressed  flat  against  the  periphery.  The  shape  of  the  cell 
is  more  irregular  than  in  a  lipoma,  perhaps  no  more  so  than 
in  subcutaneous  tissue,  at  least  not  in  the  center  of  the  fat 
collections. 

At  the  border  line  between  the  typical  tumor  cell  and  the 
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fat,  usually  as  a  matter  of  fact  towards  the  periphery  of  the 
growth,  one  can  trace  easily  the  following  changes :  The  cell 
body  enlarges  and  becomes  granular,  the  nucleus  becoming 
vesicular  and  a  nucleolus  making  its  appearance.  This  is 
an  indication  of  commencing  fat  degeneration,  or,  to  use  the 
more  modern  and  probably  less  misleading  term,  fat  meta- 
morphosis. The  protoplasm  shows  now  the  appearance  of 
small  droplets;  in  the  next  stage  these  small  droplets  are 
replaced  by  larger  ones ;  all  these  upon  treatment  by  Sudan 
III.  proving  to  be  fat.  At  this  stage  the  nucleus  may  be 
surrounded  by  several  fat  globules;  at  a  later  stage  the 
nucleus  lies  in  the  center,  or  at  the  side  of  one  huge  fat 
globule.  In  hardened  sections  one  sees  the  nucleus  lying  in 
a  large  clear  space  with  nothing  but  a  few  granules  around 
it,  but  with  no  definite  cell  body.  The  nucleus  then  shares 
in  the  degenerative  process,  and  so  we  finally  get  a  large  fat 
globule  without  a  nucleus,  sometimes  with  and  sometimes 
without  a  mass  of  granular  detritus. 

At  times  several  adjoining  cells  appear  to  degenerate 
simultaneously,  the  cell  limiting  membrane  to  become  lost, 
and  the  several  nuclei  come  together  so  that  we  get  finally  a 
large  space,  partly  clear,  partly  filled  with  granular  detritus, 
and  containing  as  many  as  fifteen  clear  vesicular  nuclei, 
giving  rise  to  the  so-called  giant  cell,  a  cell  which  is  clearly 
a  degenerative  product.  Finally,  towards  the  center  of  the 
tumor,  only  large  fat-containing  spaces  are  met  with,  sepa- 
rated by  a  fine,  fibrous  and  vascular  stroma.  Here,  as  before, 
the  thick-walled  vessels  and  fibrous  bands  stand  clearly  out 
in  the  midst  of  the  fat  tissue,  but  never  seem  to  take  any 
part  in  the  formation  of  the  fat.  Free  fat  globules  are  often 
seen  in  the  lumina  of  the  vessels. 

We  would  like  to  call  special  attention  to  the  fact  that 
many  of  the  fat  spaces  show  the  nucleus  in  the  center,  and 
not  at  the  periphery,  as  is  the  case  in  the  genuine  lipoma; 
to  the  still  more  significant  fact  that  one  finds  multinucleated 
or  giant  fat  cells.  The  importance  of  these  phenomena  in 
diagnosis  will  be  referred  to  later  in  the  discussion. 

The  tumor  cells    proper  may  now   be  described.     These 
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are  cells  slightly  varying  in  size,  but  upon  the  whole  large ; 
in  shape  roundish,  or  polyhedral.  They  contain  usually  a 
somewhat  granular  protoplasm  which  stains  faintly,  and  a 
large,  round  or  oval  nucleus,  usually  with  a  nucleolus.  The 
resemblance  to  the  "  large  clear  cell "  of  Albarran  is  often 
striking.  Occasional  mitoses  are  seen.  These  cells  are 
found  mainly  in  the  periphery  of  the  tumor,  presumably  the 
growing  portion,  and  here  they  are  collected  frequently  into 
small  groups  or  rows  which  present  more  or  less  of  a  fasci- 
culated arrangement,  in  places  resembling  greatly  the  zona 
fasciculata  of  the  adrenal.  In  this  tissue  can  be  found 
numerous  capillaries,  and  it  is  seen  that  as  a  rule  the  cells 
sit  directly  upon  the  capillaries.  This  arrangement  is  best, 
or  perhaps  only,  seen  at  or  near  the  periphery  of  the  tumor. 
In  this  fasciculated  arrangement  we  find  fine  fibrils  separat- 
ing usually  small  groups  of  cells,  sometimes  only  two  of 
three  and  not  infrequently  only  one,  so  that  we  get  in  places 
a  picture  not  unlike  sarcoma.  This  fasciculated  arrange- 
ment is  well  brought  out  in  sections  stained  by  Mallory's 
method  for  connective  tissue. 

In  the  area  occupied  chiefly  by  these  tumor  cells,  that  is, 
at  the  edge  of  the  tumor  and  close  to  the  kidney  border, 
one  can  find  a  few  isolated  kidney  tubules,  easily  distin- 
guished  by  their  smaller  size,  darker  staining  and  tubular 
arrangement,  from  the  tumor  cells.  From  their  appearance 
they  are  collecting,  not  convoluted,  tubules. 

It  may  be  remarked  in  passing  that  the  tumor  cell  has  to 
some  extent  a  resemblance  to  the  cell  of  the  convoluted 
tubules  of  the  kidney,  found  just  outside  the  periphery  of  the 
growth;  a  resemblance  which  is  seen  both  in  size  and  in  the 
appearance  of  the  protoplasm  and  nucleus.  Especially  is 
this  so  when  the  cell  of  the  convoluted  tubule  shows  granular 
degeneration.  Yet  it  is  plainly  impossible  that  the  former 
should  have  arisen  from  the  latter;  microscopically,  no  con- 
tinuous connection  can  be  anywhere  demonstrated. 

In  the  islands  of  fibro-vascular  type,  upon  close  examina- 
tion, it  is  possible  to  find,  not  infrequently,  small  groups  of 
cells  which  are  quite  distinct  from  the  drawn-out  spindle-cell 
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of  the  fibrous  type,  and  which,  in  short,  resemble  very  mark- 
edly the  true  tumor  cell.  One  also  finds  in  the  same  areas 
small  collections  of  fat  cells ;  the  relation  between  the  tumor 
cell  and  the  fat  cell  in  these  areas  cannot  be  clearly  followed 
as  it  can  be  at  the  periphery  of  the  tumor. 

The  tumor,  it  is  true,  macroscopically  gives  the  appear- 
ance of  being  separated  from  the  kidney  tissue  proper  by  a 
thin  capsule ;  that  is,  there  is  a  distinct  line  of  demarcation 
over  nearly  the  whole  periphery  between  the  tumor  and  the 
kidney.  Yet  when  one  comes  'to  make  a  microscopical 
examination,  it  is  plain  that  the  capsule  is  purely  what  one 
might  call  a  compression  capsule  due  to  the  condensation 
and  slight  fibrosis  of  the  adjacent  kidney  tissue.  There  is  no 
true  fibrous  capsule.  Not  only  so  but  one  finds  here  and 
there  spots  where  the  tumor  seems  to  have  invaded  the  kid- 
ney  substance  to  a  slight  degree.  Notably  is  this  the  case  in 
some  places  where  kidney  tubules,  apparently  of  the  collect- 
ing type,  are  found,  as  above  mentioned,  isolated  inside  the 
tumor  capsule,  lying  amongst  the  tumor  cells. 

Sections  of  the  tissue  of  the  two  smaller  growths  show 
upon  the  whole  the  same  appearances  as  these  of  the  main 
mass.  Towards  the  center  of  these  small  masses  there  are 
fairly  typical  fat  cells,  while  at  the  periphery  and  directly 
continuous  with  the  kidney  tissue  one  finds  polyhedral  epi- 
thelial cells  and  between  these  two  extremes  one  finds  cells 
showing  all  grades  of  fat  infiltration.  So  here  we  have 
undoubtedly  tissue  of  the  same  type  as  that  of  the  large 
growth  and  in  strong  probability  these  smaller  masses  are 
metastases  or  else  independent  growths  of  the  same  nature. 

The  question  arises  whether  the  tumor  described  is  malig- 
nant or  benign.  Certain  points  speak  more  or  less  in  favor 
of  at  least  some  degree  of  malignancy.  There  is  a  lack  of 
any  true  capsule ;  there  are  the  evidences  of  invasion  at  the 
periphery,  as  previously  described,  especially  seen  in  the 
presence  of  isolated  collecting  tubules  found  inside  the  growth 
at  the  periphery,  and  there  are  finally  the  two  minute  fatty 
nodules  lying  apart  from  the  main  tumor  in  the  kidney  tissue, 
which    under   one   interpretation  may  be  regarded  as  local 
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metastases  rather  than  as  independent  new  growths,  inas- 
much as  they  show,  upon  the  whole,  a  microscopical  struct- 
ure similar  to  that  of  the  main  tumor. 

On  the  other  hand,  the  general  appearance  of  the  tumor 
and  the  clinical  course,  speak  strongly  for  its  benign  nature. 
We  may  with  probability  regard  it  as  being  on  the  border- 
line between  the  two  conditions. 

Discussion.  —  The  diagnosis  of  the  tumor  above  reported 
is  a  very  difficult  one.  As  we  have  seen,  the  growth  pos- 
sesses many  points  of  similarity  to  other  fatty  tumors  of  the 
kidney,  and,  on  the  other  hand,  certain  points  of  dissimi- 
larity from  them.  In  endeavoring  to  make  the  differential 
diagnosis,  the  discussion  may  be  carried  out  along  two  lines : 
First,  that  which,  starting  from  the  fat  as  the  chief  element, 
attempts  to  trace  its  origin ;  and  second,  that  which,  consid- 
ering the  tumor  cell  as  the  principal  element,  endeavors  to 
find  its  genesis. 

Perhaps  it  will  be  best,  first  of  all,  to  compare  briefly  our 
tumor  with  those  which  have  been  hitherto  described,  the 
analysis  of  which  appeared  at  the  beginning  of  this  article, 
after  which  we  may  proceed  to  consider  the  tumor  on  its 
own  merits,  and  to  endeavor  to  give  it  "  a  habitation  and  *a 
name." 

In  the  first  place,  the  fatty  growths  that  Ulrich  describes 
cannot  properly  be  compared  with  the  present  one.  His 
were  all  small,  and  were  definitely  (as  his  pictures  show  con- 
vincingly enough)  pure  degeneration  products  from  kidney 
cells.  It  is  inconceivable  that  a  mass  of  tissue  consisting  of 
fat,  hypertrophied  vessels  and  tumor  cells,  such  as  our  tumor 
presents)  should  have  been  derived  from  any  such  origin. 

In  the  second  place,  we  have  those  tumors  which  have 
been  called  pure  lipoma.  In  so  far  as  these  have  been  made 
out  to  consist  of  fat  alone  they  have  been  all  extremely 
small,  a  point  which  at  once  differentiates  them  from  our 
own ;  the  larger  ones,  those  which  have  been  described  by 
Alsberg,  Warthin,  Bartsch  and  Grawitz,  contained  nowhere, 
according  to  the  published  results,  any  collections  of  cells 
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which  cotild  suggest  an  epithelial  or  sarcomatous  origin, 
or,  on  the  other  hand,  an  adrenal  growth.  Alsberg's  were! 
multiple  nodules,  each  of  which  might  be  taken  as  pure 
lipoma,  but  the  largest  of  which  was  really  very  small. 
Warthin's  was  a  very  large  growth  but  was  composed  only* 
of  fibrous  tissue  and  fat,  a  fibro-lipoma.  In  the  case  of 
Bartsch  and  Grawitz,  there  were  present  not  only  fat,  fibrous 
tissue  and  angiomatous  tissue,  but  also  some  muscle ;  they, 
however,  belong  rather  to  the  class  of  Mueller's  "  Mixed  fatty 
tumors  of  the  kidney,"  than  to  the  class  of  pure  lipoma. 
Mueller  terms  his  cases  lipo-myo-sarcoma,  calling  them 
mixed  tumors  on  account  of  there  being  present  muscle  as 
well  as  fat  and  fibrosarcomatous  tissue. 

Mueller's  theory  as  to  the  histogenesis  of  his  "  lipomatose 
Mischgeschwiilste  der  Niere  "  was  that  they  arose  in  mis- 
placed bits  of  the  kidney  capsule ;  they  represented  a  coin- 
cident development  of  three  separate  and  independent  forms 
of  tissue  —  fat,  muscle,  and  fibrous  or  sarcomatous  tissue, 
which  had  been  herniated  into  the  renal  substance  from  the 
renal  albuginea, —  a  dislocation  which  occurred  during  embry- 
onic life  after  the  fashion  of  von  Recklinghausen's  adeno- 
myoma  of  the  uterus.  It  is  hardly  here  the  place  to  enter 
upon  the  discussion  of  this  point;  nevertheless,  if  the  meta- 
morphosis of  a  misplaced  adrenal  rest  into  true  fat  be 
accepted,  as  is  suggested  by  the  tumor  here  described,  one 
is  justified  in  speculating  whether  some  at  least  of  Mueller's 
cases,  and  cases  13  and  14  of  Horn's  list,  were  not  in 
reality  hypernephroma  with  fatty  change  so  as  to  simulate 
lipoma.  The  presence  of  muscle  speaks  as  much  for  an 
adrenal  as  for  a  renal  origin ;  indeed,  the  amount  of  smooth 
muscle  fibers  in  the  adrenal  capsule  is  greater  normally  than 
in  the  renal  capsule.  The  same  doubt,  though  confessedly 
improbable,  is  ■  perhaps  permissible  with  regard  to  the 
instances  of  coincident  and  contiguous  development  of 
hypernephroma  and  lipoma  described  by  Alsberg,  Horn,  and 
Grawitz. 

Our  turrior,  however,  differs  from  this  class  in  containing 
no  muscle,  and  secondly,  in  the  presence  of  the  cells  which 
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we  have  called  the  true  tumor  cell,  which,  although  com- 
paratively small  in  numbers,  seems  to  form  in  our  growth 
the  true  parenchyma. 

In  the  fourth  place  we  must  differentiate  this  growth  from 
the  typical  hypernephroma.  First  of  all,  any  resemblance  to 
the  now  well-established  typical  picture  of  hypernephroma  is, 
in  the  microscopical  section,  quite  lacking;  Although  con- 
taining much  fat,  it  is  not  at  first  sight  a  pseudo-lipoma  in 
Grawitz's  sense.  On  dissolving  out  the  fat  with  alcohol,  the 
well-known  matrix  of  large  clear  cells  does  not  appear;  on  the 
contrary,  we  find  at  first  only  pure  fat  and  the  fibro-angioma- 
tous  tissue.  When  we  search  more  closely,  however,  we 
find  in  our  tumor  certain  cellular  areas,  as  above  described, 
which,  it  may  now  be  said,  give  us  the  general  impression 
of  being  of  adrenal  origin  because  of  their  architectural 
arrangement  and  their  fatty  contents.  Of  pseudo-lipoma,  or 
hypernephroma,  there  are  now  reported  a  great  many  typi- 
cal cases,  which  it  is  unnecessary  to  review  in  this  place. 
From  these  our  tumor  differs  in  certain  points:  first,  the 
presence  of  apparently  genuine,  fully  formed  fat  tissue,  as 
opposed  to  fatty  infiltration  of  adrenal  cells,  to  such  a  degree 
indeed  as  to  simulate  true  lipoma ;  in  the  second  place,  the 
comparatively  small  number  of  these  cells  which  suggest  an 
adrenal  origin,  compared  with  their  numbers  in  the  typical 
hypernephroma. 

If  then  there  are  in  our  growth  certain  points  which  indi- 
cate to  us  a  possible  origin  from  the  adrenal,  while  true  fat 
is  the  main  element  of  the  mass,  we  are  obliged  to  consider 
a  fifth  possibility  and  to  differentiate  this  growth  from  those  in 
which  there  are  present  hypernephroma  and  lipoma  side  by 
side,  contiguous  yet  independent,  such  as  was  described  in 
one  of  Mueller's  cases  and  in  one  of  Horn's  cases,  and  in  one 
or  two  others.  In  these,  the  two  tissues,  so  far  as  one  can 
judge  from  the  published  descriptions  and  from  the  illustra- 
tions (which  as  a  matter  of  fact  are  sadly  lacking),  are  quite 
independent,  do  not  invade  each  other,  and  show  no  transi- 
tion pictures. 

In   these  very   points  do  we  find  a  striking  dissimilarity 
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from  our  tumor.  In  the  mutual  invasion,  or  rather  in  the 
innumerable  transition  pictures  which  one  finds  from  the 
tumor  cell  to  the  fat  cell,  we  have  the  chief  point  which  dis- 
tinguishes this  tumor  from  typical  hypernephroma  on  the 
one  hand,  pure  lipoma  on  the  other,  and,  in  the  third  place, 
from  an  independent  coincidence  of  the  two.  We  therefore 
feel  justified,  having  carried  the  discussion  thus  far,  in  sug- 
gesting that  the  present  growth  represents  in  all  probability 
a  hypernephroma  which  in  the  course  of  development  has 
taken  on  a  new  variation  of  growth,  that  of  a  metamorphosis 
into  fat  —  fat  which  is  frequently  indistinguishable  from  the 
true  fat  of  a  lipoma  or  of  subcutaneous  tissue.  That  such  a 
condition  has  heretofore  been  described,  or  even  plainly  sug- 
gested, is  to  us  at  least  unknown. 

Resuming  the  discussion  along  the  second  line  above 
indicated,  that  which  considers  the  tumor  cell  in  itself  and 
endeavors  to  trace  its  genesis  from  its  intrinsic  characters, 
one  is  obliged  at  the  outset  to  admit  that  such  an  attempt 
must  naturally  remain  somewhat  unsatisfactory.  On  the  one 
hand  the  close  relationship  which  it  bears  to  the  vessel  walls 
and  the  presence  of  the  pericellular  reticulum,  which  is  often 
present,  suggests  a  mesoblastic  origin,  while  the  well  out- 
lined cell  with  deeply-staining  nucleus,  occasionally  occurring 
in  groups  surrounded  by  a  fibrous  stroma,  and  in  places  infil- 
trating the  perivascular  lymph  spaces,  recalls  the  appearance 
and  mode  of  growth  of  epithelial  tumors. 

This  picture,  then,  in  which  the  individual  cell  reminds 
one  of  the  epitheliomatous  type  of  growth,  while  the  relation 
of  cells  to  reticulum  and  vessels  suggests  the  type  of  tumor 
arising  in  mesoblastic  tissue,  —  this  picture  is  what  we  have 
come  to  look  upon  as  being  best  described  by  the  term 
endothelioma. 

Now,  a  study  of  the  kidney  tumors  since  Grawitz  shows 
us  how  intimately  connected  are  the  cells  of  the  adrenal 
cortex  with  endothelium.  The  adrenal  cortex,  as  has  been 
shown,  develops  as  a  perithelioma,  and  Stilling 13  has  proved 
that  the  lumen  which  is  found  between  the  adrenal  ceil 
groups  in  the  cortex  is  in  reality  a  lymph  space.     Thus  we 
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have  some  justification  for  assuming  that  the  origin  of  this 
tumor  lies  either  in  endothelium  or  in  cells  of  the  adrenal 
cortex ;  if  the  latter,  then  it  is,  in  other  words,  a  true  hyper- 
nephroma. 

We  are  strongly  inclined  to  believe  that  the  cell  comes 
from  the  latter  of  these,  that  is,  the  adrenal,  in  view  of  the 
following  facts:  the  essential  disposition  to  fat  meta- 
morphosis ;  the  morphology  of  the  individual  cell ;  the  fascicu- 
lated arrangement  of  the  cell,  groups,  recalling  strongly  the 
architecture  of  the  adrenal  cortex;  the  overgrowth  of  the 
intima  of  the  vessels  and  the  disposition  of  hyaline  material 
in  them  (so  often  met  with  in  hypernephroma) ;  the  way  in 
which  the  tumor  cells  sit  directly  upon  the  capillaries ;  and, 
upon  the  macroscopical  side,  the  situation  of  the  tumor 
underneath  the  kidney  capsule.  Finally,  the  fact  that  there 
is  some  evidence  showing  a  mild  degree  of  malignancy,  with 
local  metastases,  would  also  point  to  some  extent  towards 
hypernephroma. 

The  crucial  point  of  the  question  along  general  lines  lies  in 
the  interpretation  of  the  genesis  of  the  fat.  Virchow's  theory 
being  here  untenable,  inasmuch  as  the  tumor  cells  are  plainly 
not  fibroblastic,  there  remain  only  two  other  theories:  by  which 
we  may  account  for  it :  First,  that  it  is  a  growth  from  preexist- 
ing fat,  that  is,  that  it  represents  an  inclusion  from  the  kidney 
capsule.  This  theory  is  here  contradicted  by  the  presence 
of  the  transition  pictures  leading  from  the  fat  to  a  tumor  cell. 
At  the  best,  by  this  theory,  one  would  have  to  assume  a 
simultaneous  inclusion  of  adrenal  and  capsule  fat — the 
reasons  against  this  view  have  already  been  given.  In  the 
second  place,  the  fat  might  be  presumed  to  come  from  an 
overgrowth  of  the  adrenal  tissue  itself,  that  is,  from  an 
adrenal  rest.  Although  the  theory  that  the  adrenal  cell  in 
hypernephroma,  such  as  we  ordinarily  see  it,  should  form  by 
metamorphosis  a  true  fat  cell  may  seem  on  the  surface 
unlikely,  yet  it  must  be  remembered  that  there  exist  certain 
analogies.  If  we  assume,  with  Virchow,  that  fat  ordinarily 
is  derived  by  a  sort  of  infiltrating  process  from  a  fibroblastic 
cell — that    is    ultimately   from    a   mesothelial    cell  —  what 
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objection  can  there  be  to  supposing  that  a  different  variety 
of  the  mesothelial  cell,  in  this  instance  the  adrenal  cell, 
should  also  take  up  fat  and  become  morphologically  a  true 
fat  cell?  Such  a  thing  in  reality  does  occur,  at  least  we  have 
the  authority  of  Albarran14  that  the  fat  in  the  adrenal 
normally  is  not  infrequently  collected  into  fatty  nodules, 
comparable  with  the  fatty  nodule  condition  of  the  liver 
already  known.*  And  again,  we  have  Ulrich's  demonstration 
that  small  areas  of  the  convoluted  tubules  of  the  kidney  may 
undergo  fat  degeneration  or  fat  metamorphosis  to  such  an 
extent  as  to  simulate  lipoma. 

There  is,  therefore,  perhaps,  no  essential  impossibility,  or 
even  difficulty,  in  assuming  theoretically  that  the  adrenal 
cell  may  become  transformed  into  a  fat  cell,  provided  we 
accept,  as  is  now  generally  admitted,  a  mesothelial  origin  for 
the  cortex  of  the  adrenal.  And  even  if  it  were  contended 
that  the  adrenal  cortex  was  epiblastic  in  origin,  it  may  be 
fairly  questioned  whether  that  would,  of  itself,  be  sufficient 
to  kill  the  theory;  it  has  not  yet  been  proven  that  an 
epiblastic  cell  cannot  turn  into  a  fat  cell ;  and  the  fatty 
nodule  condition  of  the  liver  described  by  Lubarsch  might 
be  adduced  as  evidence  to  the  contrary. 

We  have  not  considered  it  necessary  to  go  in  detail  into 
the  minute  and  more  doubtful  evidences  which  have  been 
fought  over  concerning  the  diagnosis  of  hypernephroma.  Gly- 
cogen, for  instance,  was  not  found  in  our  tumor;  but  it  must 
be  confessed  that  only  a  very  cursory  examination  was  made 
for  it,  inasmuch  as  the  growth  at  first  sight  suggested  any- 
thing but  hypernephroma.  The  value  of  this  test  is,  how- 
ever, admittedly  slight.  Glycogen  is  the  sign  of  rapid 
growth,  and  may  be  found,  as  Bra  has  shown,  in  practically 
all  malignant  tumors.  Its  absence  in  what  was  plainly  a  very 
slow-growing  tumor,  one  which  tended  rather  to  degeneration 

•  He  quotes  Letulle's  note  to  the  Society  Anatomique  of  Paris,  in  1889,  which  we 
here  transcribe :  "  La  surcharge  graisseuse  (of  the  adrenal )  chez  1'homme  n'est  pas 
constante,  et  se  trouve  surtout  chez  des  sujets  ayant  succomb6  avec  des  troubles  de 
l'appareil  circulatoire.  Elle  est  souvent  irreguliere,  respectant  sans  raison  apparente 
des  fragments  etendus  de  trabecules  capsulaires.  Elte  se  form*  souvent  en  nodules 
graisseuses  analogues  a  Vital  nodulaire  graisseux  dufoie." 
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or  metamorphosis  than  to  rapid  proliferation,  can  hardly  be 
cited  as  evidence  against  the  theory  here  propounded. 

Lecithin  was  not  looked  for. 

The  dispute  as  to  the  differential  diagnosis  between  hyper- 
nephroma and  endothelioma,  or,  as  Hansemann  prefers  to 
call  it,  adenoma  endotheliale,  does  not  concern  us.  It  is, 
after  all,  largely  a  question  of  terms.  The  adrenal  itself  is 
in  a  way  an  endothelioma  or  endothelial  adenoma.  In  our 
own  case  it  is  clearly  impossible  to  say  certainly  that  the 
tumor  is  not  an  adenoma,  although  the  reasons  given  point 
in  our  opinion  strongly  to  the  adrenal  origin.  The  main 
thing  is  that,  which  ever  it  is,  true  fat  seems  to  have  been 
developed  out  of  it  in  large  quantity. 

[In  conclusion  we  desire  to  acknowledge  our  indebtedness  to  both  Prof. 
James  Bell,  in  whose  service  the  case  occurred,  and  Professor  Adami, 
who  kindly  placed  the  material  at  our  disposal  for  investigation.] 

Montreal,  Jan.  7,  1907. 
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DESCRIPTION  OF  PLATES  X.   AND  XL 

Fig  I.  —  Kidnej  sectioned  along  convex  border  into  pelvis  showing 
(D)  the  globular  tumor  replacing  the  central  portion  of  the  kidney  and 
(C)  the  upper  and  the  lower  poles  of  the  kidnej  remaining. 

Fig.  II.  — A  portion  of  the  tumor  showing  the  grayish  friable  nodule 
"A/* 

Fig.  III.  —  Shows  the  large  clear  cells,  the  multinucleated  cells,  the 
thick  walled  vessels  and  the  extra  vasated  blood  (eve-piece  3,  objective  7, 
"Winckel"). 

Fig.  IV.  —  Shows  a  capillar/  surrounded  by  the  tumor  cells,  also  a 
few  fat  spaces  and  at  one  side  a  stroma  band  (eye-piece  3,  objective  7, 
"Winckel"). 

Fig.  V.  —  Shows  the  periphery  of  the  growth  with  (A)  two  enclosed 
kidnej  tubules.  It  shows  also  the  columnar  arrangement  and  the  peri- 
cellular reticulum. 
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* 

Animals  may  react  to  certain  toxic  or  foreign  substances 
in  one  of  two  ways,  either  by  an  increased  resistance  or 
immunity,  or  by  an  increased  susceptibility  or  anaphylaxis.! 
The  reactions  of  immunity  have  been  demonstrated  not  only 
by  the  increased  resistance  of  the  treated  animal  but  also  by 
the  occurrence  of  specific  anti-bodies  in  its  blood.  Far  less 
is  known  of  the  nature  of  anaphylaxis.  Our  conceptions  of 
immunity  and  anaphylaxis  presuppose  that  certain  changes 
have  taken  place  in  the  somatic  cells;  theories  of  animal 
reaction  have  been  founded  on  such  supposed  cell  changes, 
although  we  possess,  in  reality,  no  definite  information  as  to 
their  nature.  The  present  study  brings  out  the  mechanism 
of  a  striking  instance  of  anaphylaxis  and  throws  light  on  a 
definite  cell  pathology  consequent  upon  the  general  condi- 
tion of  increased  susceptibility. 

Attention  has  been  drawn  by  Otto2  to  a  remarkable  toxic 
phenomenon  in  guinea-pigs.     Otto's  work  was  carried  out  in 

•This  study  has  been  facilitated  by  a  grant  from  the  Proctor  Fund  of  Harvard 
University.    Received  for  publication  March  28,  1907. 

t  This  word  was  first  used  by  Richet '  to  designate  the  increased  susceptibility  to  a 
poison  from  Actinians  shown  by  dogs  and  rabbits  which  had  survived  a  small  dose  of 
this  toxic  substance. 
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the  Serum  Institute  at  Frankfort,  Germany,  following  an  oral 
communication  to  Ehrlich  on  the  part  of  Theobald  Smith. 
Rosenau  and  Anderson,8  working  independently  of  Otto, 
brought  out  shortly  afterward  an  extensive  monograph 
which  confirmed  and  elaborated  the  findings  of  the  German 
investigator.  Circumscribed  and  definite  as  the  phenome- 
non appears,  it  is  not  easy  to  follow  its  evolution.  The 
reaction,  as  shown  by  the  work  of  Otto  and  of  Rosenau  and 
Anderson,  is  somewhat  as  follows :  The  injection  of  any  con- 
venient amount  of  horse  serum  subcutaneously  or  intraperi- 
toneal^ in  normal  guinea-pigs  produces  no  ill  effect.  If, 
however,  guinea-pigs  are  given  a  very  small  dose  of  horse 
serum,  e.g.,  .0001  to  .1  cubic  centimeter,  and  ten  days  or 
two  weeks  are  allowed  to  elapse,  a  second  injection  of  a 
relatively  large  amount, '  e.g.,  five  cubic  centimeters,  will 
cause  violent  and  characteristic  symptoms,  followed  almost 
invariably  by  death  within  the  hour.  This  reaction  to  a 
second  large  dose  of  horse  serum  was  first  noted  in 
guinea-pigs  which  had  survived  a  diphtheria  toxin-antitoxin 
mixture;  but  the  acquired  susceptibility  to  the  serum  is  in 
no  way  dependent  on  the  presence  of  diphtheria  toxin  in 
the  first,  or  "  sensitizing,"  dose,  but  on  the  small  amount  of 
horse  serum  which  contains  the  antitoxin. 

The  literature  of  immunity  bristles  with  instances  of  an 
increased  specific  susceptibility  in  animals  which  have 
resisted  doses  of  toxic  or  even  apparently  non-toxic  sub- 
stances. A  list  of  many  such  phenomena,  more  or  less 
closely  allied  tQ  this  serum  disease  of  guinea-pigs,  has  been 
given  both  by  Otto  and  by  Rosenau  and  Anderson.  It  is 
of  interest  to  note  that  explanations  of  this  hypersensitivity 
are  almost  as  numerous  as  the  instances  which  have  been 
described ;  in  certain  well-studied  cases  numerous  theories 
exist ;  for  example,  there  are  at  least  five  well-maintained 
hypotheses  concerning  the  toxic  effect  of  tuberculin  in  tuber- 
culous animals.  The  serum  disease  of  guinea-pigs,  which 
we  are  now  considering,  apart  from  its  intrinsic  interest, 
offers  particularly  advantageous  conditions  for  the  study  of  a 
reaction  in  the  animal  body  which  we  believe  has  not  as  yet 
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been  recognized,  and  which  would  appear  to  be  of  consid- 
erable importance. 

In  a  preliminary  consideration  of  this  serum  intoxication 
phenomenon  under  the  simplest  conditions,  it  will  be  neces- 
sary to  restate  briefly  some  of  the  factors  which  have  already 
been  noted  by  the  observers  who  have  preceded  us.  In  fact, 
in  the  first  phase  of  this  study,  only  one  new  fact  stands  out, 
namely,  an  almost  constant  finding  of  definite  lesions,  which 
lesions  had  been  overlooked  both  by  Otto  and  by  Rosenau 
and  Anderson.  In  our  experiments  young  normal  guinea* 
pigs  have  been  used  which  weighed  at  the  beginning  of 
treatment  from  one  hundred  and  fifty  to  two  hundred  and 
fifty  grams.  The  serum  both  for  sensitizing  and  for  toxic 
effect  has  been  from  normal  horses,  and  has  been  taken 
aseptically,  preserved  in  sterile  bottles  without  the  addition 
of  an  antiseptic,  and  kept  at  o°  C.  until  used.  It  was  found 
by  Rosenau  and  Anderson  that  a  dose  of  horse  serum  so 
small  as  .00001  or  even  in  one  instance  .000001  of  a  cubic 
centimeter  sufficed  to  render  guinea-pigs  sensitive  to  the 
subsequent  toxic  dose  of  serum ;  it  has  not  concerned  us  to 
define  so  precisely  the  minimal  dose  necessary,  but  we  have 
used  in  nearly  all  our  experiments  an  arbitrarily  chosen  dose 
of  .01  cubic  centimeter  administered  subcutaneously  or 
intraperitoneally.  As  a  period  of  incubation  we  have  found 
it  better  to  wait  at  least  the  fourteen  or  fifteen  days  advised 
by  Otto.  The  animals  remain  sensitive  for  an  undetermined 
period,  at  least  for  many  months.  For  the  second  toxic 
dose,  five  cubic  centimeters  of  horse  serum  intraperitoneally 
are  necessary  to  cause  death,  although  much  smaller  doses 
will  produce  characteristically  severe  symptoms;  when 
injected  subcutaneously  a  considerably  larger  dose  is 
necessary. 

An  animal  treated  as  has  been  outlined,  on  receiving  the 
second  dose  of  serum  intraperitoneally,  shows  some  or  all 
of  the  following  symptoms,  and  dies,  in  the  majority  of 
the  cases,  within  an  hour.  In  from  two  to  fifteen  minutes 
after  injection  may  be  noted  twitching  of  the  ears  or  body, 
coughing,  retching,   and   less   frequently   general   muscular 
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contraction,  with  "  bucking "  and  rushing  about  the  cage; 
after  the  period  of-  irritation,  paralytic  symptoms  intervene, 
the  animal  squats,  or  feebly  drags  itself  about  the  cage,  com- 
plains querulously,  shows  respiratory  distress,  and  finally 
falls  on  its  side.  This  comatose  period  may  last  for  some 
time  until  death  intervenes,  or  the  exitus  may  be  precipitated 
by  violent  general  spasms.  The  heart  beats  for  some  time 
after  the  cessation  of  respiration.  Either  the  irritative  or 
the  paralytic  symptoms  may  predominate.  An  animal  may 
recover  after  having  passed  through  most  characteristically 
severe  phases  of  both.  Death  is  not  a  necessary  criterion 
of  the  complete  evolution  of  the  disease,  or  of  the  presence 
of  the  characteristic  lesions;  severe  symptoms,  however, 
whether  followed  by  death  or  recovery,  are  almost  invariably 
accompanied  by  definite  macroscopic  findings  at  autopsy. 

Hemorrhage,  rather  definitely  localized,  is  the  characteris- 
tic gross  lesion  in  this  acute  disease.  The  hemorrhages  may 
be  found  in  one  or  in  several  organs  ;  gastric  hemorrhage 
occurs  in  the  majority  of  cases.  The  summary  which  fol- 
lows indicates  the  percentage  of  cases  in  which  lesions  occur, 
and  the  localization  of  these  lesions.  Forty-one  guinea-pigs 
which  were  examined  seriatim  fall  into  two  categories:  those 
pigs  which  died  as  the  result  of  the  disease,  and  those 
animals  which  after  having  suffered  severe  and  characteristic 
symptoms  were  on  the  road  to  recovery,  or  had  fully  recov- 
ered, and  were  chloroformed  within  twenty-four  hours. 

1.  Guinea-pigs  which    died   of  serum  intoxication, 

twenty-nine  animals.  Hemorrhage  present  in 
twenty-three  cases ;  hemorrhage  absent  in  six 
cases. 

2.  Guinea-pigs     chloroformed     within    twenty-four 

hours  after  severe  symptoms,  twelve  animals. 
Hemorrhages  present  in  eleven  cases ;  hemor- 
rhages absent  in  one  case. 
Gastric    hemorrhages  were    present    in    thirty-two  of  the 
forty-one     cases.     Hemorrhages    were    localized    in    other 
organs  as  follows:   cecum  in  ten  cases;   lungs,  nine  cases; 
spleen,  seven  cases ;   adrenal,  six  cases ;   heart,  three  cases ; 
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pericardium,  two  cases;  diaphragm,  two  cases;  lymph 
glands,  two  cases ;  liver,  kidney,  thyroid,  and  muscle,  each 
one  case. 

As  has  been  noted,  severe  symptoms,  irrespective  of  the 
subsequent  occurrence  of  death,  are  sufficient  to  indicate  the 
evolution  of  a  disease  accompanied  by  definite  hemorrhages. 
It  is  seen  that  gastric  hemorrhage  is  a  most  common  but  not 
necessarily  constant  finding  in  the  well-marked  disease.  A 
list  of  the  control  animals  which  have  been  used  to  limit  these 
lesions  to  the  disease  entity  will  be  given  in  connection  with 
the  microscopic  study.  It  should  be  noted  in  this  place, 
however,  that  the  occurrence  of  hemorrhage  in  the  abdomi- 
nal organs  is  not  due  to  the  fact  that  most  of  the  injections 
were  intraperitoneal  since  the  same  results  are  obtained  by 
subcutaneous  injections  A  detailed  description  of  the 
macroscopic  appearances  of  these  hemorrhages,  apart  from 
the  gastric  and  cecal  lesions,  is  hardly  necessary ;  they  are 
minute  in  general,  rather  larger  in  the  lungs  and  spleen  than 
elsewhere.  In  the  stomach  the  localization  is  of  importance ; 
the  lesions  which  may  be  one,  or  two,  or  multiple,  vary  in 
size  from  a  pin  point  to  one  or  two  centimeters  in  diameter 
and  occur  characteristically  midway  in  the  greater  curvature 
or  in  lines  diverging  from  this  point,  either  toward  the 
extremities  of  the  viscus  or  encircling  it  toward  the  middle 
point  of  the  lesser  curvature ;  they  do  not  occur  at  the 
pylorus,  in  our  experience,  and  are  therefore  to  be  differen- 
tiated from  the  lesions  described  recently  by  Rosenau  and 
Anderson4  as  caused  by  diphtheria  toxin.  In  milder  grades 
of  lesion  the  hemorrhages  are  merely  submucous;  but  in 
the  more  advanced  stages  there  is  definite  erosion,  and  the 
stomach  may  contain  clots  of  blood.  The  cecal  hemorrhages 
occur  about  or  in  the  agminated  follicles. 

We  do  not  wish  to  insist  on  the  gastric  hemorrhages, 
which  occur  so  frequently  in  this  disease,  as  anything  more 
than  the  localized  manifestation  of  a  general  reaction.  They 
are  of  interest  as  stomach  lesions  produced  experimentally 
without  direct  injury,  and,  when  studied  more  minutely, 
throw  light  on  the  evolution  of  the  disease  itself. 
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When  we  examine  more  attentively  the  factors  necessary 
to  produce  this  striking  and  acute  disease  the  two  most 
salient  points  are  the  extremely  small  dose  necessary  to  sen- 
sitize and  the  existence  of  a  period  of  incubation.  It  would 
be  noted  by  the  most  casual  observer  that  this  incubation 
period  of  from  ten  to  fifteen  days  corresponds  to  a  nicety  to 
the  period,  necessary  for  the  maximal  production  of  an  anti- 
toxin after  the  injection  of  a  toxin,  or  of  a  cytolysin  after 
injection  of  cellular  elements.  The  surprisingly  small  amount 
necessary  to  sensitize  need  not  preclude  the  formation  of 
anti-bodies  during  this  time,  for  analogous  instances  of 
minute  doses  of  blood  leading  to  the  production  of  a  hem- 
olysin are  on  record.  And  it  is  perhaps  this  corresponding 
incubation  period,  more  than  any  other  factor,  which  has  led 
Rosenau  and  Anderson  to  a  tentative  but,  as  it  would  seem, 
incorrect  explanation  of  this  phenomenon.  These  authors 
believe  that  the  toxic  reaction  caused  by  the  second  dose  of 
serum  is  due  to  an  interaction  between  anti-bodies  which 
have  been  formed  against  the  sensitizing  dose  and  certain 
toxic  substances  present  in  horse  serum ;  they  have  further 
assumed,  on  no  certain  experimental  grounds,  that  the  sensi- 
tizing and  the  toxic  substance  in  horse  serum  are  identical, 
an  assumption  in  reality  necessary  to  maintain  their  inter- 
action hypothesis. 

Otto  has  noted  that  a  large  initial  dose  does  not  cause  the 
sensitivity  which  regularly  follows  the  usual  small  dose. 
Similar  results  have  been  indicated  by  the  experiments  of 
Rosenau  and  Anderson.-  To  these  authors  such  a  finding 
would  correspond  to  other  experiments  which  in  their  hands 
seemed  to  them  to  prove  that  repeated  doses  of  serum  at 
short  intervals  give  rise  to  an  immunity.  That  is,  a  small 
amount  of  horse  serum  sensitizes  guinea-pigs,  a  large 
amount,  in  a  single  or  multiple  dose,  seems  to  immunize. 
If  one  experiments  only  so  far  as  Rosenau  and  Anderson 
and  is  dominated  by  classical  examples  of  the  formation  of 
anti- bodies,  such  a  conclusion  might  be  drawn  ;  but  if  we  con- 
sider such  experiments  more  exhaustively,  a  wholly  different 
conclusion  emerges.     It  may  be  shown,  as  is  evidenced  by 
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the  following  experiment,  that  a  single  large  initial  dose 
gives  rise,  not  to  immunity,  but  to  a  temporary  insuscepti- 
bility which  is  later  followed  by  characteristic  sensitivity. 

Experiment  1 .  —  Normal  guinea-pigs  of  similar  weight  were  separated 
into  two  lots  and  injected  intraperitoneally  with : 
Lot  A,  8  cubic  centimeters  of  horse  serum. 
Lot  B,  .01  cubic  centimeter  of  horse  serum. 
The  comparative  susceptibility  of  these  pigs  to  a  toxic  dose  of  horse 
serum  (5  cubic  centimeters)  was  tested  at  the  following  periods : 

After  20  days :  A  pig.  No.  1,  weight,  365.  Slight  nervous  symptoms. 
After  20  days :  A  pig,  No.  2,  weight,  385.  Slight  nervous  symptoms. 
After  20  days:  B    pig,    No.    1,   weight,   380.     Dead,    24    minutes. 

Diaphragmatic  and  gastric  hemorrhages. 
After  20  days:  B  pig,    No.   2,   weight,    300.     Dead,    20    minutes. 

Small  gastric  hemorrhages,  hemopericardium. 
After  36  days :  A  pig,  No.  3,  weight,   385.     Marked  symptoms  for 

four  hours.     Recovered. 
After  45   days:  A  pig,   No.  4,   weight,  485.     Dead,  40  minutes. 

Hemorrhage  into  stomach  and  lungs. 
After  45   days:  A  pig,   No.   5,   weight,  395.     Dead,   45   minutes. 
Hemorrhage  into  stomach. 

The  conclusion  from  such  an  experiment  may,  for  the 
moment,  be  stated  simply  as  follows :  the  injection  of  a 
large  initial  dose  of  horse  serum'  delays  the  period  of 
incubation  necessary  to  produce  sensitivity  beyond  the 
period  when  a  small  dose  is  employed. 

As  has  been  stated,  Rosenau  and  Anderson  have  shown 
that  repeated  injections  of  moderate  doses  of  horse  serum 
into  guinea-pigs  at  short  intervals  are  followed  by  no 
reaction  and  by  an  apparent  state  of  immunity  or  resistance 
to  the  toxic  dose  of  serum.  Their  own  experiments  should 
have  pointed  to  the  possibility  of  a  different  conclusion.  As 
a  matter  of  fact,  if  a  good  sized  injection  (two  to  five  cubic 
centimeters)  is  repeated  every  few  days  for  a  few  times  and 
then  two  weeks  or  even  longer  allowed  to  elapse,  the  subse- 
quent injection  of  a  dose  that  would  cause  severe  symptoms 
or  death  in  a  properly  "  sensitized  "  pig  (i.e.,  one  having 
received  a  single  small  initial  dose)  produces  no  symptoms. 
If,    however,    one    waits    several  weeks,    such    apparently 
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"  immune  "  pigs  become  sensitive  to  reinjection,  the  degree 
of  sensitivity  varying  directly  with  the  time  elapsed  since  the 
last  injection  and  with  the  total  amount  of  serum  previously 
injected'. 

The  histories  of  the  following  guinea-pigs  show  the  absence 
of  reaction  to  repeated  doses  of  horse  serum  given  at  short 
intervals.  These  animals  were  injected  with  from  two  to  five 
cubic  centimeters  of  horse  serum  at  intervals,  which,  in  days, 
are  represented  by  the  numerals. 

G.P.  A.     Injected  at  intervals  of  i,  2,  2,  and  2  days.     No  symptoms. 

G.P.  B.     Injected  at  intervals  of  i,  2,  2,  and  2  days.    No  symptoms. 

G.P.  C.  Injected  at  intervals  of  1,2,  2,  2,  and  13  days.  No  symp- 
toms. 

G.P.  No.  1.  Injected  at  intervals  of  10,  9,  13,  4,  and  4  days.  No 
symptoms. 

G.P.  No.  2.  Injected  at  intervals  of  2,  9,  10,  4,  and  4  days  No 
symptoms. 

G.P.  No.  3.  Injected  at  intervals  of  9,  9,  13,  4,  and  4  days.  No 
symptoms. 

G.P.  No.  4.  Injected  at  intervals  of  9,  9,  and  13  days.  No  symp- 
toms. 

G.P.  No  5.  Injected  at  intervals  of  2,  9,  and  13  days.  No  symp- 
toms. 

When,  however,  some  of  the  above  animals  were  kept  for 
longer  intervals  after  the  treatment  recorded  and  then 
injected,  the  following  results  were  obtained : 

G.P.  No.   3.    Injected  38   days    after    treatment  above.     Distinct 

symptoms. 
G.P.  C.    Injected  48  days  after  treatment  above.     Slight  symptoms. 
G.P.  No.  4.     Injected  55  days  after  treatment  above.     Very  severe 

symptoms.    Recovered. 
G.P.  No.  2.     Injected  82  days  after  treatment  above.    Very  severe 

symptoms.     Recovered.     G.P.  No.  2  was  chloroformed  after  4 

hours  continuous  symptoms,   and  at  autopsy  typical  gastric 

hemorrhages  were  found. 

Animals  that  have  received  one  large  dose  or  multiple 
doses  may  be  referred  to  as  "  refractory,"  and  that  such 
refractory  animals  are  at  no  period  really  immune  to  horse 
serum   may  be  shown  in   several  ways.     This  condition  of 
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eventual  susceptibility  might  be  thought  to  be  allied  to  such 
conditions  as  the  susceptibility  of  certain  diphtheria  or  tetanus 
antitoxin  animals  to  relatively  small  doses  of  their  respective 
toxins;  such  animals  present  the  curious  paradox  of  free 
antitoxin  in  the  blood  and  diminished  resistance  of  the 
tissues.  The  case  is  not  analogous  because  these  refractory 
guinea-pigs  do  not  produce  an  antitoxin  to  the  toxic  sub- 
stance in  horse  serum. 

Experiment  2.  —  Guinea-pig  No.  5,  which  had  received  five  injections 
of  horse  serum  (total,  12  cubic  centimeters),  was  bled  ten  days  after 
the  last  injection.  A  normal  guinea-pig  was  also  bled.  To  nine  cubic 
centimeters  of  the  respective  sera.  No.  5  and  normal,  was  added  five  cubic 
centimeters  of  horse  serum,  and  the  mixtures  left  over  night  at  room 
temperature.  There  was  a  distinct  precipitate  in  the  G.P.  No.  5  +  horse 
serum  mixture  which  was  removed  by  centrifuging.  Guinea-pigs,  sen- 
sitized by  the  injection  of  .1  cubic  centimeter  horse  serum  forty  days 
previously,  were  injected  with  the  mixtures : 

G.P.  No.  8,  weight,  585,  given  mixture  (Serum  G.P.  No.  5  +  horse 
serum). 

G.P.  No.  6,  weight,  625,  given  mixture  (Serum  Normal  +  horse 
serum) . 

G.P.  No.  8.    Dead  in  45  minutes  (gastric  and  cecal  hemorrhages). 

G  P.  No.  6.  Very  severe  symptoms ;  recovering  5  hours ;  chloro- 
formed.    (Gastric  hemorrhages.) 

Repetitions  of  such  an  experiment  always  show  that  the 
serum  of  a  guinea-pig  which  has  received  several  injections 
of  horse  serum  and  has  been  bled  at  the  critical  antitoxin 
period  (and  also  at  a  period  when  the  animal  is  resistant  to 
the  toxic  effect  of  horse  serum)  contains  no  anti-bodies 
which  neutralize  the  toxic  substance  in  horse  serum.  Such 
refractory  guinea-pigs  frequently  show  at  this  period  pre- 
cipitins for  horse  serum. 

Although  the  blood  of  refractory  animals  contains  no  anti- 
body for  the  toxic  element  of  horse  serum,  we  might  at  least 
imagine  that  the  sensitizing  substance  of  the  serum  is  neutra- 
lized in  the  body.  We  might  even  imagine  that  such  guinea- 
pig  serum  contains  an  anti-sensitizing  substance ;  this  finding, 
however,  would  be  difficult  to  explain  in  view  of  the  eventual 
sensitization  of  the  refractory  pigs.     In  fact  we  find  that  the 
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serum  of  refractory  pigs,  at  a  period  when  the  animals  are 
resistant  to  horse  serum,  not  only  does  not  contain  anti- 
sensitizing  substances,  but  actually  contains  that  substance 
of  horse  serum  which  sensitizes  guinea-pigs. 

Experiment  3. — Normal  guinea-pigs  of  similar  weight  were  injected 
subcutaneously  wjth  the  same  amount  of  serum  of  other  guinea-pigs  which 
had  been  treated  as  follows : 

G.P.  No.  53.    Given  subcutaneously   1.5  cubic  centimeters  serum 

normal  guinea-pig  *'X." 
G.P.  No.  75.     Given  subcutaneously   1.5   cubic  centimeters  serum 

normal  guinea-pig  ••  Y." 
G.P.  No.  76.    Given  subcutaneously   1.5   cubic  centimeters  serum 

normal  guinea-pig  *'  Z." 
G.P.  No.  82.    Given  subcutaneously   1.5   cubic  centimeters  serum 

refractory  pig  "  A." 
"  A"  was  bled  10  days  after  receiving  the  last  of  5  injections  horse 

serum.     (Total,  13  cubic  centimeters.) 
G.P.  No.  86.    Given  subcutaneously   1.5   cubic  centimeters  serum 

refractory  pig  No.  4. 
No.  4  was  bled  19  days  after  the  last  of  5  injections  horse  serum. 

(Total,  27  cubic  centimeters  ) 
G.P.  No.  50.    Given  subcutaneously   1.5   cubic  centimeters  serum 

refractory  pig  "  B." 
"  B"  was  bled  11  days  after  the  last  of  5  injections  horse  serum. 

(Total,  9  cubic  centimeters.) 
G.P.  No.  51.    Given  subcutaneously   1.5   cubic  centimeters  serum 

refractory  pig  ••  C.n 
"C"  was  bled  14  days  after  the  last  of  7  injections  horse  serum. 

(Total,  17  cubic  centimeters.) 
G.P.  No.  54.    Given  subcutaneously   1.5   cubic  centimeters  serum 

refractory  pig  No.  1 . 
No.  1  was  bled  9  days  after  the  last  of  6  injections  horse  serum. 

(Total,  16  cubic  centimeters.) 

After  15  days  these  pigs  were  given  each  5  cubic  centimeters  of  horse 
serum  into  the  peritoneal  cavity  with  the  following  results : 

G.P.  No.  53,  No.  75,  No.  76.     (Controls.)     No  symptoms. 

G.P.  No.  82.  Severe  symptoms.  Recovering  2$  hours.  Chloro- 
formed.    Gastric  hemorrhage 

G.P.  No.  86.     Marked  symptoms.     Recovered.    . 

G.P.  No.  50.     Severe  symptoms.     Recovered. 

G.P.  No.  51.  Dead  in  90  minutes.  (Diaphragmatic  and  splenic 
hemorrhages.) 

G.P.  No.  54.  Dead  in  45  minutes.  (Gastric  and  renal  hemor- 
rhages.) 
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There  is  further  evidence  that  guinea-pigs  refractory  to 
horse  serum  still  contain  the  sensitizing  substance  of  the 
serum  unneutralized.  The  offspring  of  refractory  animals, 
born  at  a  period  when  the  mother  is  resistant  to  the  toxic 
action  of  horse  serum,  are  sensitive,  not  resistant. 

1.  "Guinea-pig  "  C,"  two  days  after  the  sixth  injection  of  horse  serum 
(total,  12  cubic  centimeters),  had  one  young  (No.  26).  When  six  weeks 
old  this  offspring  was  given  five  cubic  centimeters  horse  serum  intraperi- 
toneally.  Very  severe  symptoms.  Recovered.  Chloroformed  after  eighteen 
hours.    Two  hemorrhagic  erosions  of  stomach. 

2.  Guinea-pig  No.  4,  three  days  after  receiving  last  of  four  injections 
of  horse  serum  (total,  17  cubic  centimeters),  had  three  young.  Of  these 
offspring 'two  were  injected  as  follows : 

No.  42.  (Seven  weeks  old),  five  cubic  centimeters  horse  serum  sub- 
cutaneously.  Severe  symptoms.  Recovering  one  hour.  Chloro- 
formed.    Several  small  gastric  hemorrhages. 

No.  43.  (Nine  weeks  old),  five  cubic  centimeters  horse  serum  intra- 
peritoneally.  Very  severe  symptoms.  Recovering  two  and 
one-half  hours.  Chloroformed.  Pin-point  hemorrhages  of 
cecum.     Small  gastric  hemorrhages. 

There  is  an  analogy  between  these  last  experiments  on 
the  transmission  of  sensitivity  to  offspring  from  refractory 
mothers  and  certain  experiments  of  Rosenau  and  Anderson  * 
and  of  Anderson;6  these  authors  found  that  the  young  of 
sensitized  guinea-pigs  were  also  sensitive  to  horse  serum.  It 
was  only  a  step  further  for  us  to  demonstrate  that  normal 
pigs  may  be  rendered  sensitive  to  horse  serum  by  injecting 
them  with  the  serum  of  sensitive  pigs  and  awaiting  the 
proper  incubation. 

Experiment  4.  —  This  experiment  was  carried  on  synchronously  with 
Experiment  3,  and  they  therefore  supplement  and  control  one  another. 
Normal  guinea-pigs  were  injected  subcutaneously  with  the  same  amount 
of  sera  of  other  guinea-pigs  treated  as  follows : 

G.P.  No.  48.  Given  1.5  cubic  centimeters  serum  of  sensitized  pig 
No.  14.  (No.  14  was  bled  16  days  after  receiving  .01  cubic 
centimeter  horse  serum.) 

G.P.  No.  49.  Given  1 .5  cubic  centimeters  serum  of  sensitized  pig  No. 
33.  (No.  33  was  bled  14  days  after  receiving  .01  cubic  centi- 
meter horse  serum.) 
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G.P.  No.  77.  Given  1.5  cubic  centimeters  serum  of  sensitized  pig  No. 
61.  (No.  61  was  bled  29  days  after  receiving  .01  cubic  centi- 
meter horse  serum1.) 

The  actual  sensitivity  of  these  pigs,  14,  33,  and  61,  was  controlled  by 
injecting  parallel  animals,  which  had  been  sensitized  the  same  day,  with  a 
toxic  dose  of  horse  serum  within  24  hours  of  the  time  of  bleeding  their 
fellows.     In  each  control  death  occurred  in  the  characteristic  manner. 

After  fifteen  days  pigs  48,  49,  and  77  received  each  5  cubic  centimeters 
horse  serum  intraperitoneally  with  the  following  results : 

G.P.  No.  48,  slight  symptoms. 
G.P.  No.  49,  severe  symptoms. 

G.P.  No.  77,  symptoms.  Chloroformed  after  four  hours.  No  gastric 
hemorrhage 

It  would  seem  sufficiently  astounding  that  1.5  cubic  centi- 
meters of  the  serum  of  a  guinea-pig  which  had  received  .01 
cubic  centimeter  of  horse  serum  twenty-nine  days  previously 
contains  sufficient  horse  sensitizing  substance  to  sensitize  a 
normal  guinea-pig  to  the  toxic  action  of  horse  serum ;  the 
question,  however,  properly  arises  whether  such  guinea-pigs, 
which  remain  sensitized  so  long,  uniformly  contain  substances 
in  their  blood  which  will  sensitize  normal  pigs.  An  experi- 
ment directly  bearing  on  this  question  follows : 

Experiment  5.  —  There  came  into  our  hands,  through  the  courtesy  of 
Dr.  P.  A.  Lewis,  three  guinea-pigs  which  had  been  treated  several  months 
previously  with  a  toxin-antitoxin  mixture.  These  animals  had  the  follow- 
ing histories  as  regards  previous  injection  of  horse  serum  (diphtheria 
antitoxin) . 

G.P.  No.  4446.  Received  .005  antitoxin  204  days  previously. 
G.P.  No.  4452.  Received  .003  antitoxin  204  days  previously. 
G.P.  No.  4583.     Received  .01  antitoxin  169  days  previously. 

These  animals  were  bled  for  a  small  amount  from  the  carotid  and  a  few 
hours  later  two  of  them  were  injected  into  the  peritoneal  cavity  each  with 
5  cubic  centimeters  of  horse  serum,  to  prove  their  sensitivity.  The 
results  of  these  injections  were : 

G.P.  No.  4446.     Dead  in  35  minutes.     Gastric  hemorrhages. 
G.P.  No.  4583.     Dead  in  55  minutes.     Small  gastric  hemorrhages. 

Normal  guinea-pigs  were  injected  as  follows : 

G.P.   No.   108.     Given  subcutaneously  1.5  cubic  centimeters  serum 

from  G.P.  No.  4452. 
G.P.  No.  109.    Given  subcutaneously  2.5  cubic  centimeters  serum 

from  G.P.  No.  4446. 
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G.P.  No.    no.     Given  subcutaneously  2.5  cubic  centimeters  serum 
from  G.P.  No.  4583. 

Fifteen  days  later  these  pigs  were  given  5  cubic  centimeters  horse  serum 
into  the  peritoneal  cavity  with  the  following  results : 

G.P.  No.  108.     Dead  in  12   minutes.     Hemorrhage  of  spleen  and 

lungs. 
G.P.  No.  109.     Dead  in  60  minutes-     Hemorrhage  of  stomach  and 

lungs. 
G.P.  No.  no.     Dead  in  12  minutes.     Hemorrhage  of  the  lungs. 

It  is  evident  from  these  experiments  that  sensitivity  in 
guinea-pigs  treated  with  hprse  serum  is  accompanied  by  the 
constant  presence  of  a  substance  in  their  blood  which  will 
sensitize  other  guinea-pigs  to  the  toxic  action  of  horse 
serum.  It  would  not  seem  necessary  to  assume  that  this 
sensitizkig  substance,  in  the  serum  of  sensitized  pigs,  is  other 
than  the  sensitizing  substance  of  horse  serum,  which  has 
remained  unneutralized  in  the  guinea-pig  body.  The  resist- 
ance of  this  substance  for  many  months  in  a  foreign  organ- 
ism is  surprising,  but  diminution  might  occur  to  a  marked 
extent  and  still  leave  enough  to  sensitize  a  normal  pig; 
Rosenau  and  Anderson  have  noted  that  only  .000001  cubic 
centimeter  is  necessary  to  produce  sensitivity  in  the  first 
place.  Sensitivity  would  appear  to  depend  upon  the  presence 
of  this  unneutralized  substance  of  horse  serum,  and  for  this 
reason  we  suggest  the  name  of  Anaphylactin  for  this  body. 

Efforts  were  made  to  determine  whether  other  recogniz- 
able substances  of  horse  serum  also  remain  in  the  bodies  of 
sensitized  or  refractory  pigs.  For  this  purpose  the  sera  of 
the  animals  used  to  transmit  sensitization  in  Experiments  3 
and  4  were  tested  with  a  potent  anti-horse  serum  from  the 
rabbit.  One  cubic  centimeter  of  this  rabbit-anti-horse  serum 
readily  gave  a  precipitate  with  .001  cubic  centimeter  of 
horse  serum ;  the  serum,  however,  gave  no  precipitate  with 
.05,  .1  or  .5  cubic  centimeter  of  sera  from  sensitized  pig 
No.  33  and  from  refractory  pigs  B,  C,  and  4.  The  serum  of 
guinea-pig  No.  4,  on  the  contrary,  gave  a  precipitate  with 
horse  serum,  showing  the  presence  of  a  precipitin  for  horse 
serum. 
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When  wfe  consider  the  remarkable  persistence  of  horse 
anaphylactin  in  the  guinea-pig  body,  the  possibility  of  an 
actual  increase  of  this  substance  and  not  a  mere  resistance 
suggests  itself.  Such  an  increase  might  further  be  suggested 
by  a  comparison  of  Experiments  4  and  5  where  the  trans- 
mitted sensitivity  would  seem  greater  in  the  latter  instance 
where  the  incubation  period  was  longer.  Experiments  to 
throw  light  on  this  point  were  carried  out  in  the  following 
manner : 

Experiment  6.  —  This  experiment  supplements  Experiments  3  and  4, 
and  was  performed  synchronously.  Normal  guinea-pigs  were  injected  as 
follows : 

G.P.  No.  77.    Given  1.5  cubic  centimeters  serum  sensitized  pig  No. 

61.     (See  Experiment  4.) 
G.P.  No.  78.    Given  .1  cubic  centimeter  serum  sensitized  pig  No.  61. 
G.P.  No.  79.    Given  .01  cubic  centimeter  serum  sensitized  pig  No.  61. 
G.P.  No.  82.    Given  1.5  cubic  centimeters  serum  refractory  pig  A. 

(See  Experiment  3.) 
G.P.  No.  84.    Given  .1  cubic  centimeter  serum  refractory  pig  A. 
G.P.  No.  85.    Given  .01  cubic  centimeter  serum  refractory  pig  A. 

On  injection,  fifteen  days  later  with  5  cubic  centimeters  horse  serum, 
these  animals  reacted  as  follows  : 

No.  77.     Symptoms.     Chloroformed  four  hours.    No  visible  lesions. 
No.  78.     Slight  symptoms.    Chloroformed  four  hours.    No  lesions. 
No.  79.    No  symptoms.    Chloroformed  four  hours.     No  lesions. 
No.  82.    Severe  symptoms.     Chloroformed  three    hours.     Gastric 

hemorrhages. 
No.  84.    Severe  symptoms.     Chloroformed  four  hours.    Gastric  and 

pulmonary  hemorrhages. 
No.  85.    No  symptoms.    Chloroformed  four  hours.    No  lesions. 

This  experiment  would  indicate  quantitatively  two  things : 
First,  that  the  blood  of  the  refractory  pig  contains  more 
anaphylactin  than  the  blood  of  the  sensitized  pig,  which  is  a 
priori  evident  from  the  much  larger  amount  of  serum  received 
by  the  refractory  pig ;  and  secondly,  that  the  degree  of  trans- 
ferred anaphylaxis  varies  with  the  amount  of  the  serum  used 
in  transferring  the  sensitivity  to  a  second  animal. 

It  may  further  be  shown  that  anaphylaxis  cannot  be 
transferred  to  a  third  order  of  animals. 
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Experiment  7.  —  Guinea-pigs  No.  80  and  No.  83  were  treated  exactly 
as  animals  77  and  82  respectively  in  the  last  experiment,  that  is,  they 
were  sensitized  by  transfer  of  serum  from  a  sensitized  or  a  refractory  pig. 
Normal  guinea-pigs  were  injected  as  follows : 

G.P.  No.  in.    Given  2.5  cubic  centimeters  serum  from  pig  No.  80. 
G.P.  No.  112.    Given  2.5  cubic  centimeters  serum  from  pig  No.  83. 

Fifteen  days  later  these  pigs  were  given  5  cubic  centimeters  of  horse 
serum  intraperitoneally.    No  symptoms.* 

This  shows  that  anaphylaxis,  with  the  doses  used,  cannot  t— 
be  transmitted  beyond  the  first  transfer.  This  non-transference 
depends  <?n  too  great  dilution  of  the  original  anaphylactin  in 
*the  animal  body.  It  therefore  seems  evident  that  the 
anaphylactin  of  horse  serum  remains  simply  unneutralized 
and  does  not  increase  in  amount  in  the  guinea-pig. 

Before  considering  the  evolution  of  the  serum  disease 
more  in  detail  it  is  important  to  determine  if  possible  the 
identity  or  non-identity  of  the  anaphylactin  with  the  toxic 
element  of  horse  serum.  Such  a  determination  presents  a 
serious  experimental  difficulty.  It  has  been  shown  that 
serum  of  refractory  pigs  No.  1  or  C  could  sensitize  normal 
guinea-pigs  (Experiment  3) ;  it  was  therefore  of  interest  to 
determine  if  these  sera  would  intoxicate  properly  sensitized 
pigs. 

Experiment  8.  —  G.P.  No.  55  (sensitized  by  injection  twenty-six  days 
previously  of  .01  cubic  centimeter  horse  serum)  was  given  5  cubic  centi- 
meters serum  of  guinea-pig  No.  1  intraperitoneally.     No  symptoms. 

G.P.  No.  56  (sensitized  as  No.  55)  given  3.5  cubic  centimeters  serum  of 
guinea-pig  C.    No  symptoms. 

This  experiment  may  well  be  regarded  as  inconclusive  as 
far  as  proving  the  non-identity  of  anaphylactin  and  toxic 
substance,  on  account  of  the  wide  divergence  in  doses  neces- 
sary to  produce  anaphylaxis  on  the  one  hand  and  intoxica- 
tion on  the  other.  In  order  to  demonstrate  more  conclusively 
that  the  anaphylactin  and  the  toxic  substance  are  not 
identical,  another  method   of  administering  the  toxic   dose 

•  Another  guinea-pig  (No.  113),  given  3.5  cubic  centimeters  serum  from  pig  No.  80 
and  injected  with  five  cubic  centimeters  horse  serum  intraperitoneally  after  thirty  days 
also  showed  no  symptoms. 
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must  be  mentioned.  It  was  found  that  sensitized  guinea- 
pigs  are  killed  by  very  small  doses  of  horse  serum  if  it  be 
given  directly  into  the  circulation.  Normal  pigs,  however, 
are  unaffected  by  a  relatively  large  dose.  The  experiment 
follows : 

Experiment  9.  —  1 .  Normal  guinea-pig,  weight,  300  grams.  Given  1 
cubic  centimeter  horse  serum  into  right  carotid.  No  symptoms.  Chloro- 
formed 3  hours.     No  lesions. 

2.  Sensitized  G  P.  No.  95,  weight,  340  grams  Given  1  cubic  centi- 
meter horse  serum  into  right  internal  jugular.  Dead  in  3  minutes. 
Lungs  studded  with  pin-point  hemorrhages.  Numerous  hemorrhages 
into  heart  muscle. 

3.  Sensitized  G.P.  No.  93,  weight,  350  grams.  Given  .5  cubic 
centimeter  horse  serum  into  right  carotid.  Dead  in  4  minutes  One 
small  hemorrhage  on  surface  of  brain.  Numerous  oozing  hemorrhages  of 
lungs  which  increase  under  observation.     Smaller  hemorrhages  of  heart. 

4.  Sensitized  G.P.  No.  98,  weight,  360  grams.  Given  .05  cubic 
centimeter  horse  serum  into  right  carotid.  Dead  in  10  minutes.  Small 
hemorrhages  of  lungs.     Splenic  hemorrhages. 

5.  Sensitized  G.P.  No.  29,  weight,  590  grams.  Given  .02  cubic 
centimeter  horse  serum  in  right  carotid.  Marked  symptoms  for  an  hour. 
Chloroformed.     Gastric  hemorrhages.     Small  lung  hemorrhages. 

6.  Sensitized  G.P.  No.  35.  Given  .005  cubic  centimeter.  Very  slight 
symptoms.     Chloroformed  2  hours.     No  lesions. 

7.  Sensitized  G.P.  No.  97.  Given  1.5  cubic  centimeters  serum  refrac- 
tory pig  No.  4.     (See  Experiment  3.)     No  symptoms. 

(Guinea-pigs  93,  95,  97,  98  had  all  been  sensitized  with  .01  cubic 
centimeter  30  days  previously.  Nos.  29  and  35  had  been  sensitized  with 
3  cubic  centimeters  60  days  previously.) 

This  experiment  brings  out  several  novel  points  to  which 
reference  will  later  be  made.  It  is  of  interest  here  to  note 
that  such  tiny  amounts  of  horse  serum  when  put  directly 
into  the  circulation  will  cause  death  or  symptoms  with 
lesions.  This  line  of  experimentation  has  been  introduced 
for  the  purpose  of  showing  that  the  serum  of  a  refractory 
pig  which  contains  anaphylactin  does  not  contain  any 
amount  of  the  toxic  substance  of  horse  serum  as  far  as  can 
be  detected  by  so  delicate  a  biological  method.  We  feel, 
therefore,  justified  in  concluding  that  the  anaphylactin  and 
the  toxic  substances  in  horse  serum  are  not  identical,  the 
one   being  retained  in  the  guinea-pig   body  and  the  other 
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eliminated  or  destroyed.     It  would  be  desirable  to  attempt 
a  chemical  separation  of  these  two  elements. 

It  is  already  evident  from  the  rapid  evolution  and  often 
speedy  termination,  that  this  disease  is  due  to  a  sharp  reac- 
tion which  takes  place  in  the  body,  rather  than  a  cumulative 
intoxication.  The  sharpness  of  the  reaction  is  especially 
marked  if  the  intracarotid  method  of  giving  the  toxic  dose  is 
employed. 

.  It  may  further  be  shown  that  once  this  reaction  has  taken 
place,  the  further    administration  of   horse  serum  produces 
no  effect.     If  the  serum  be   administered  in   divided   doses 
within  a  relatively  short  space  of  time,  much  more  than  a  fatal 
j  dose  may  be  given  without  causing  death.     An  experiment 

to  illustrate  follows : 

Experiment  10.  —  Guinea-pigs  94,  95,  and  99  had  each  received  .01 
cubic  centimeter  of  horse  serum  fifteen  days  previously.  They  were 
treated  as  follows : 

No.  94,  weight,  250  grams.     Given  1.5  cubic  centimeters  horse  serum 

subcutaneously . 
No.  96,  weight,  315  grams.    Given  1.5  cubic  centimeters  horse  serum 

subcutaneously . 
No.  99,  weight,  260  grams.     Given  5  cubic  centimeters  horse  serum 

intraperitoneally. 

No.  99.     Dead  30  minutes.     Lung  hemorrhages. 

Nos.  94  and  96  became  prostrated  and  were  very  sick  at  end  of  one 
hour ;  94  was  then  given  5  cubic  centimeters  horse  serum  intraperitoneally, 
but  showed  no  increase  of  symptoms  and  recovered  in  three  hours ;  96 
received  5  cubic  centimeters  horse  serum  intraperitoneally  no  minutes 
after  first  injection,  while  still  sick.  No  increase  of  symptoms.  Recovered 
three  hours. 

Such  experiments  show  conclusively  that  the  evolution  of 
the  disease  depends  on  some  rapid  reaction  or  assimilation. 
When  we  compare  the  ways  of  inoculation  of  the  toxic  dose, 
carotid,  peritoneal,  and  subcutaneous,  it  is  evident  that  the 
more  quickly  the  serum  comes  intimately  in  contact  with  the 
organism  the  more  rapid  the  evolution,  and  conversely, 
the  smaller  the  dose  of  serum  necessary  to  produce  maximal 
results. 

It  may  further  be  shown  that  mere  dilution  of  the  toxic 
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This  experiment  brings  out  two  facts.  The  serum  of  a 
rabbit  injected  several  times  with  horse  serum  and  bled  at 
the  critical  time  for  antitoxins  shows  no  anti-bodies  for  the 
toxic  substance  of  horse  serum ;  the  non-formation  of  anti- 
toxins  in  this  experiment  was  confirmed  both  with  larger 
doses  of  the  serum  of  this  specific  rabbit,  and  also  with  vary- 
ing doses  of  the  serum  of  another  anti-horse  rabbit.  Of 
importance  for  the  present,  however,  is  the  observation  that 
mere  dilution  of  horse  serum  with  the  serum  of  a  specific 
rabbit  or  of  a  normal  rabbit  decreases  the  symptomatic 
disturbance  in  a  sensitive  pig. 

HISTOPATHOLOGY. 

We  have  devoted  much  time  to  the  histopathological  side 
of  the  work.  Despite  the  volume  and  quality  of  the 
requisite  controls,  we  are  enabled  to  draw  a  number  of  defi- 
nite conclusions  as  to  the  structural  character  of  the  lesions 
found.  These  conclusions  deal  in  the  main  with  the  lesions 
of  the  acute  disease.  We  propose  to  return  shortly  in  a 
separate  paper  to  a  consideration  of  some  characters  in  the 
chronic  or  repeatedly  induced  disease. 

The  lesions  of  the  acute  disease,  striking  as  they  appear  to 
the  naked  eye,  yield  much  more  to  microscopic  examination, 
since  they  not  only  are  more  manifold  but  also  offer  some 
points  as  to  the  genesis  of  this  group  of  changes.  We  have 
been  aided  especially  in  the  present  study  by  the  Marchi 
method  for  fatty  degeneration.  The  crux  of  the  work  upon 
structural  details  has  proved  to  be  the  investigation  of  the 
gastric  mucosa,  which  affords  a  peculiarly  clear  field  for  the 
study  of  fatty  changes. 

Besides  the  hemorrhages  which  may  be  detected  in  the 
gross,  there  are  minute  interstitial  and  oozing  hemorrhages 
which  can  be  made  out  microscopically.  At  least  a  portion 
of  these  hemorrhages  is  demonstrably  due  to  endothelial 
changes  in  capillaries.  We  are  able  to  offer  a  neat  histologi- 
cal demonstration  of  the  fatty  change  which  underlies  this 
type  of  endotheliolysis. 

Not  all  the  lesions  are   capillary  or  hemorrhagic.     Fatty 
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changes  are  demonstrable  also  in  voluntary  muscle  fibers,  in 
heart  muscle  fibers,  and  in  nerve  fibers.  The  hemorrhages 
and  the  above  fatty  changes  are  certainly  due  in  some  way 
to  the  experimental  treatment  of  the  guinea-pigs,  and  we 
believe  them  adequately  controlled.  The  liver  and  the  kid- 
ney also  exhibit  fatty  changes  of  a  similar  appearance  and 
similarly  focal ;  but  we  have  been  unable  to  control  the  liver 
and  kidney  lesions  to  our  satisfaction.  Nevertheless,  the 
capillary  fatty  change  in  the  renal  pyramids  must  be  taken 
as  due  to  the  serum  injections  in  some  way.  There  is  also  a 
species  of  alteration  in  the  large  nerve  cells  of  the  spinal 
cord  and  bulb  which  is  in  our  opinion  produced  by  the  treat- 
ment; but  the  nerve  cell  changes  are  within  the  limits  of 
error  in  staining  and  are  probably  secondary,  in  any  event, 
to  the  nerve  fiber  changes. 

We  have  examined  formaldehyde-fixed  material  system- 
atically by  the  Marchi  method 7  for  fat,  from  heart,  lung, 
spleen,  stomach,  liver,  pancreas,  kidney,  adrenal,  cervical 
lymph  nodes,  brain,  cord,  peripheral  nerves  and  muscles 
from  fore  and  hind  limbs,  and  material  incidentally  from  sev- 
eral other  organs.  We  have  supplemented  the  Marchi 
method  to  a  limited  extent  by  fresh  examination  of  tissues  in 
glacial  acetic  acid  and  by  staining  with  Scharlach  R.  The 
desire  for  permanent  preparations  and  for  appearances  which 
would  photograph  well  with  high  powers  has  led  us  to  prefer 
the  slower  Marchi  method  for  the  bulk  of  the  work. 

Zenker-fixed  tissue,  prepared  by  the  eosin  and  methylene 
blue  method,8  has  proved  of  service  in  the  study  of  hem- 
orrhages and  alterations  in  heart  and  voluntary  muscle 
fibers.  The  same  series  of  organs  and  tissues  prepared  by 
the  Marchi  method  has  been  carried  through  by  the  eosin 
and  methylene  blue  method. 

Various  parts  of  brain  and  cord,  with  (in  some  instances) 
dorsal  root  ganglia,  have  been  fixed  in  alcohol  and  stained 
by  Nissl's  original  methylene  blue  method.9 

The  most  striking  feature  of  both  the  hemorrhages  and 
the  fatty  changes  in  all  the  affected  organs  is  their  focal  dis- 
tribution.    It  is  this  character  which  demands  such  extensive 
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control  and  comparative  work  with  normal  and  diseased 
tissues.  This  difficulty,  however,  is  less  pronounced  in  the 
case  of  the  gastric  mucosa,  in  which  there  normally  exists  no 
microscopically  visible  fat. 

We  have  not  been  aided  to  any  extent  by  accounts  in  the 
literature  of  experimental  toxic  lesions.  In  fact  there  is 
little  evidence  from  published  work  that  the  histopathology 
in  these  fields  is  at  all  thoroughly  wrought  out.  The  lesions 
are,  in  the  nature  of  things,  not  specific.  It  is  instructive 
that  no  single  finding  in  our  work  fails  to  find  some  parallel 
in  other  fields.  The  gastric  hemorrhages  themselves  are 
found  under  a  great  variety  of  toxic  and  other  conditions ; 
it  remains  to  be  seen  whether  the  finer  anatomy  in  other 
conditions  is  at  all  constantly  like  that  described  for  our  own 
experimentally  produced  erosions. 

We  have  examined  material  from  forty-five  guinea-pigs, 
prepared  directly  for  this  work,  as  well  as  considerable  other 
guinea-pig  material,  especially  diphtheria-toxon  paralysis 
material,  upon  which  one  of  us  is  working  at  the  suggestion 
of  Theobald  Smith.  A  large  number  (850-h)  of  microscopic 
sections  accrued  from  the  forty-five  guinea-pigs  alone.  Each 
guinea-pig  requires  an  average  of  eleven  Marchi  preparations. 

We  separated  our  material  into  several  classes,  as 

I.  Control  material^  consisting  of  supposedly  normal 
tissues  and  tissues  from  guinea-pigs  suffering  from  other 
diseases  than  the  one  under  consideration  and  including 
material  chiefly  over  and  above  the  forty-five  guinea-pigs 
directly  prepared  for  the  work. 

II.  Anaphylaxis  material,  consisting  of  tissues  from 
guinea-pigs  at  various  stages  after  the  initial  injection  and 
before  a  toxic  injection.  Various  intervals  were  allowed  to 
elapse  after  the  anaphylactic  dose  in  different  animals,  so 
that  an  adequate  representation  could  be  got  of  conditions 
in  the  process  of  anaphylaxis. 

III.  Toxic  material,  governed  in  part  by  the  frequent 
lethal  issue,  but  obtained  also  at  various  intervals  before 
death  would  naturally  have  supervened  and  at  various  inter- 
vals subsequent  to  recovery  from  toxic  symptoms. 
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IV.  Refractory  material^  composed  of  tissues  from  guinea- 
pigs  injected  with  repeated  large  doses,  obtained  at  intervals 
corresponding  both  with  the  refractory  period  and  with  a 
period  subsequent  thereto. 

Stomach,  — We  are  inclined  to  attach  considerable  signifi- 
cance to  our  findings  in  the  gastric  mucosa  and  vessels. 
Although  it  is  probable  that  fatty  change  in  the  mucosa  and 
its  vessels  is  far  more  frequent  than  we  suppose  (e.g.,  in 
various  infection^  and  toxic  states),  yet  there  is  no  reason 
to  believe  that  fat  is  of  normal  occurrence  in  the  gastric 
mucosa.  Our  own  work  indicates  that  the  guinea-pig 
stomach  under  normal  conditions  contains  no  fat.  The 
anaphylactic  material  also  fails  to  show  fat  in  the  stomach 
wall.  Many  parts  of  the  stomach  in  the  toxic  material  fail 
to  show  fat.  But  the  toxic  material  constantly  shows  fatty 
change  of  a  characteristic  appearance  in  various*  foci  (twenty- 
five  out  of  twenty-six  toxic  pigs  examined).  There  is  no 
more  constant  lesion  anywhere  in  the  tissues  of  our  toxic 
material  (Plate  XII.,  Fig.  i).  The  lesion  is  a  focal  one. 
Intervals  of  tissue  without  fat  adjoin  the  foci  of  fatty  change 
(Plate  XII.,  Fig.  2). 

The  gastric  mucosa 10  is  a  peculiarly  clear  field  for  the 
demonstration  of  fat.  Very  little  material  of  any  sort  can 
be  brought  out  by  osmic  acid  in  the  gastric  mucosa  of  guinea- 
pigs.  The  granules  seen  by  Langley ll  with  the  employ- 
ment of  osmic  acid,  and  regarded  by  him  as  related  with 
digestion,  are  not  alleged  to  be  preserved  in  the  Marchi 
method.  Nor  are  these  granules  of  Langley  in  the  gastric 
epithelium,  but  rather  in  the  true  secreting  gland  cells  of  the 
gastric  mucosa.  The  observation  by  Volharduof  a  lipase 
in  the  stomach  is  of  interest  in  this  connection.  We  are  not 
aware  that  the  histology  of  the  action  of  the  gastric  lipase 
has  been  worked  out.  Confusion  with  the  cellular  fat  to 
which  we  here  call  attention  could  scarcely  arise  except  in 
work  on  gastric  absorption  of  fat. 

Our  own  observations  of  fat  in  the  gastric  mucosa  are, 
however,  in  no  way  equivocal  or  possible  of  confusion  with 
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Langley's  granules  or  with  fat  which  might  be  seen  in  the 
course  of  absorption.  Not  only  are  our  controls  and  anaphy- 
lactic stomachs  negative  for  fat  by  the  Marchi  method,  but 
also  the  focality  of  the  lesion  in  any  given  stomach,  together 
with  the  associated  congestion  and  at  times  erosion  of  sur- 
face, is  wholly  convincing  as  to  the  pathological  character  of 
the  fat  shown. 

The  gross  hemorrhagic  lesion  of  the  stomach  is  in  our 
experience  always  associated  with  fat.  The  fat  is  found  in 
two  places,  in  the  gastric  epithelium  (Plate  XIII.,  Fig.  3), 
and  in  the  endothelium  of  the  neighboring  vessels  (Plate 
XIV.,  Fig.  6).  We  are  inclined  to  regard  the  hemorrhages  as 
dependent  upon  rupture  of  vessels  weakened  by  fatty  change. 
We  are  inclined  to  regard  the  fat  of  the  gastric  epithelium 
(Plate  XIII.,  Fig.  4)  as  often  independent  in  origin,  not 
associated  with  vascular  lesions.  Thus  we  fail  to  find  hem- 
orrhages without  fat  in  surrounding  tissues,  and  we  fail  to 
find  endothelial  fat  without  fat  in  gastric  epithelium  (Plate 
XIII.,  Fig.  5)  ;  but  gastric  epithelial  fat  does  occur  as  the 
unique  early  result  of  the  intoxication.  The  gastric  condi- 
tions seem  to  resemble  logically  the  conditions  in  heart 
muscle,  where  also  we  find  fatty  changes  in  muscle  fibers 
without  fat  in  endothelial  linings.  In  the  case  of  heart 
muscle,  just  as  in  voluntary  muscle,  we  can  exclude  the 
dependence  of  the  fatty  change  in  fibers  upon  alterations 
of  single  capillaries. 

Heart  muscle, —  Our  work  with  the  heart  muscle  has 
concerned  the  question  of  fatty  change  in  two  tissues,  the 
muscle  fibers  and  the«capillary  walls. 

We  recognize  that  the  heart  muscle  is  not  a  pure  field  for 
the  investigation  of  fatty  changes.  Although  microscopi- 
cally visible  fat  must  be  regarded  as  abnormal  in  heart 
muscle  fibers,  yet  we  have  no  adequate  idea  of  the  various 
non-experimental  conditions  under  which  microscopically 
visible  fat  may  develop.  The  finding  of  fatty  changes  in  the 
heart,  as  in  several  other  organs  of  the  so-called  "  normal " 
laboratory  animal,  is  scarcely  above  suspicion  in  any  single 
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NV/erth^>rvi.  c^-r  beart  gr^sc>  fiaii^gs  arc  second  only  to 
•?.t  jja*tr:c  fizdi^g^  hx  pcirt  cf  relfaiiLhy.  The  lots  of 
£;  -v*a-^^%  employed  in  the  present  wcrk  hare  not  been 
Jvirvi  *'io;ect  to  fatty  dcgeccraticas  of  the  heart  muscle  of 
•on-experimental  origin.  Moreover,  the  anaphylactic  mate- 
r:^I  ha%  fa^ed  in  anv  instance  to  shew  fartv  charge. 

V/e  have  therefore  been  fortunate  enough  to  employ  a 
series  of  animals  in  which  all  the  controls  were  free  from  tat 
in  heart  mu%cle  fibers.  Taken  in  conduction  with  the  focal 
fatty  changes  in  capillary  walls  we  feel  that  our  heart  find- 
ing* in  toxic  material  are  almost  as  convincing  as  the  gastric 
findings,  and  that  they  give  evidence  that  the  toxic  agent 
takes  effect  (just  as  in  the  stomach;  often  independently  in 
two  different  tissues  of  the  same  organ. 

Numerically,  however,  heart  lesions  fail  to  equal  the 
gastric  lesions.  Seven  out  of  twenty-six  pigs,  examined  in 
the  toxic  phase,  failed  to  show  heart  lesions  of  any  demon- 
strable character.  An  examination  of  the  histories  of  the 
seven  pigs  shows  that  no  conclusion  can  be  drawn  as  to  the 
general  severity  of  the  process  from  the  particular  incidence 
of  legions  in  the  heart.  One  guinea-pig  which  showed  the 
most  manifold  hemorrhages  in  other  organs,  including  vol- 
untary muscle,  failed  to  show  heart  lesions  of  any  sort.  One 
guinea-pig,  which  died  a  little  less  than  four  hours  after  the 
second  injection  and  showed  unusually  severe  symptoms, 
failed  to  yield  heart  lesions,  though  the  stomach  wall  was  one 
mass  of  hemorrhages. 

The  maximal  examples  of  heart  muscle  fiber  change  have 
been  found  in  guinea-pigs  subject  to  the  repeatedly  induced 
diftcasc ;  to  this  topic  we  hope  to  return  shortly  in  a  separate 
paper.  Nevertheless,  we  have  found  in  certain  pigs  subject 
only  to  the  two  usual  injections  (anaphylactic  and  toxic)  a 
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degree  of  fatty  change  comparable  to  the  extensive  altera- 
tions found  in  human  fatty  myocarditis  (Plate  XV.,  Fig.  9). 

The  capillary  lesions  recall  those  of  the  stomach,  but  are 
found  often  without  associated  hemorrhages  or  fiber  changes. 
In  fact  the  heart  lesions  afford  a  more  convincing  proof  of 
the  double  action  of  the  toxic  agent  (fibrolytic  and  endo- 
theliolytic)  than  the  stomach  lesions.  When  working  with 
the  stomach  lesions,  we  began  to  doubt  whether  the  lytic 
phenomena  could  be  logically  separated  from  one  another. 
But  in  the  heart,  as  also  in  voluntary  muscle  and  in  the 
nervous  system,  there  is  the  best  evidence  of  focal  changes 
not  only  in  the  associated  tissues  of  a  single  locus  but  in 
disparate  tissue  elements  (Plate  XV.,  Figs.  10  and  11). 

There  is  considerable  reason  to  think  that  the  hemorrhages 
in  the  heart,  as  perhaps  in  other  organs,  are  due  to  ruptures 
of  vessels  consequent  upon  endothelial  fatty  change.  It  is 
surprising  how  difficult  this  is  to  prove.  Especially  in  those 
organs  which  are  continuously  in  motion,  the  hemorrhages 
speedily  get  beyond  the  range  of  the  original  focus  of 
destruction,  and  their  relation  to  endothelial  changes  fails  of 
ready  demonstration. 

We.  think  that  our  intracarotid  injections  with  death  in 
four  minutes  go  far  to  prove  the  relation  of  the  hemorrhages 
to  endothelial  change.  Histological  examination  of  the  heart 
in  such  a 'case  shows  fat  drops  in  the  endothelium  of  many 
capillaries  in  a  hemorrhagic  focus. 

Voluntary  muscle.  —  It  is  difficult  to  get  a  numerically  fair 
sample  of  voluntary  muscles  without  carrying  technical  work 
out  of  manageable  bounds.  Confining  our  examination  to 
a  few  muscles  from  the  fore  and  hind  limbs  (occasionally 
from  the  back  or  elsewhere),  we  were  surprised  to  find  that 
fifteen  out  of  twenty-three  toxic  guinea-pigs  examined  showed 
fatty  degeneration  in  one  or  more  muscles  of  greater  or  less 
degree. 

The  changes  found  correspond  to  those  found  in  various 
febrile  diseases  and  other  conditions.18  They  consist  of  ( 1 )  a 
swelling   and   disappearance   of  striations  with    increase   of 
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Xcn'smt  ijiUm.  —  The  same  aivectrr.  :•:»  blackening? 
in  aye.  r.  *Ioeath§  with  the  March:  aaeth>i  hare  been  found 
sr.  ocr  gu:s«a-p-g  material  as  have  been  described  so  often  in 
pofolihed  accounts  «uf  work  with  this  method.1*  We  have 
attributed  no  sr^nrricance  to  these  **n:>rtnal"  black  grains* 
W-rA  often,  as  S:~ger  and  Munzer  a  have  described  them, 
scattered  through  the  spinal  cord  or  in  posterior  root  zones 
or  in  the  arcuate  fibers  or  raphe  of  the  medulla.  We  have 
alvo  met  numerous  examples  of  artir.cial  rupture  granules  at 
the  po:r.ts  of  section  of  peripheral  nerves. 

Besides  these  granular  artefacts*  we  find  two  important 
changes,  I,  a  frequent  alteration  found  near  nodes  of  Ran- 
vier  (There  termed  nodal  change),  and  2.  the  well-known 
discs  or  drops  occupying  the  whole  of  a  sheath  for  some 
distance  fhere  termed  linear  change). 

The  linear  degenerations  are  examples  of  the  well  devel- 
oped and  comparatively  well  understood  Marchi  degenera- 
tion, which  we  are  accustomed  to  study  in  work  on  tract 
degenerations.  Only  in  the  present  study,  where  we  deal 
with  effects  brought  about  in  far  less  time  than  is  assigned 
for  obtaining  frank  Marchi  degenerations  (two  to  four  days), 
we  discover  no  tract  degenerations  but  rather  isolated  fiber 
degenerations  (Plate  XVII.,  Fig.  16).  There  is  even  a 
question  whether  it  is  proper  to  term  the  changes  degenera- 
tions, since  it  is  wholly  probable  that  fibers  with  early  linear 
changes  may  recover  their  myelin  content  without  definite 
regeneration  brought  about  through  influences  from  the 
nervous  elements  engaged. 
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In  any  case,  the  nodal  changes,  which  can  be  demon- 
strated as  swelling  and  fatty  transformation  of  the  myelin 
sheaths  on  each  side  of  the  cleft  of  Ranvier  (Plate  XVII., 
Fig.  15),  are  changes  of  so  trivial  a  character  that  they  may 
well  occur,  fade,  and  reoccur  many  times  without  detriment 
to  the  nerve  fibers. 

We  find  focal  linear  alterations  in  our  toxic  material  very 
frequently.  They  are  the  rule  in  the  peripheral  nerves, 
often  found  in  entering  and  departing  root  fibers  in  the 
spinal  cord  and  medulla,  and  decidedly  less  often  in  tissues 
above  the  medulla*  The  anaphylactic  material  shows  very 
few  examples  of  such  linear  degeneration.  And  these 
instances  are  not  constant. 

The  nodal  changes  have  a  much  wider  occurrence.  We 
find  them  not  only  in  the  toxic  and  in  the  anaphylactic 
material  but  also  in  various  other  material,  even  in  some 
so-called  "  normal "  material.  We  regard  these  changes  as 
important,  although  not  differential,  in  serum  anaphylaxis  or 
intoxication.  They  are  a  sign  of  the  lability  of  the  myelin 
sheath,  which  is  here  accessible  to  alterations  by  various 
agents. 

Material  from  twenty-four  toxic-phase  guinea-pigs  showed 
fatty  alterations  either  in  fore-leg  nerves  or  in  hind-leg  nerves 
in  nineteen  subjects.  Very  frequently  all  nerves  in  a  given 
subject  showed  the  same  alterations  in  fairly  even  degree 
throughout.  Nine  subjects  showed  the  more  serious  changes 
which  we  have  termed  "  linear,"  together  with  numerous 
examples  of  the  "  nodal "  change.  Ten  subjects  showed  the 
nodal  change  alone  or  so  few  examples  of  linear  degenera- 
tion that  the  findings  might  seem  adventitious. 

The  question  at  once  arose  whether  corresponding  altera- 
tions could  be  demonstrated  in  the  cells  of  origin  for  fibers 
so  affected.  Such  changes  might  be  a  kind  of  prodrome  to 
an  actual  "  axonal "  reaction  of  Nissl,18  the  well-known 
phenomenon  of  granule  solution  and  eccentricity  of  nucleus 
which  occurs  in  nerve  cells  whose  axis  cylinders  have  been 
resected.  We  believe  we  have  found  such  prodromata  to 
the  axonal  reaction  in  the  shape  of  definite  reduction  in  size 
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of  the  Nissl  bodies  in  certain  cells  which  might  well  corre- 
spond to  the  fibers  undergoing  linear  Marchi  changes. 
Definite  as  these  cell  changes  are,  they  are  within  the  limit 
of  technical  error,  and  since  they  are  not  essential  to  the 
present  discussion,  we  shall  not  go  farther  into  the  question 
at  the  present  time. 

To  sum  up  our  work  on  the  neuropathological  side,  we 
have  incidentally  described  certain  myelin  sheath  changes 
which  we  think  exemplify  the  remarkable  lability  of  the 
myelin  sheath  ("nodal  changes")  and  have  made  out  in 
the  anaphylactic  material  an  accentuation  of  these  lability 
changes,  together  with  a  trifling  tendency  to  somewhat  more 
serious  and  extensive  changes  of  the  myelin  sheath  (the 
well-known  changes  here  termed  "linear").  These  latter 
changes,  always  focal,  are  displayed  in  greater  numbers  in 
our  toxic  material.  These  changes  affect  the  peripheral 
nerves  and  the  entering  or  departing  root  fibers  in  both  cord 
and  bulb.  They  are  always  focal,  often  not  numerous,  and 
quite  resemble  the  voluntary  muscle  and  heart  muscle 
changes  in  focality  and  numerical  variation. 

Other  organs.  —  We  collected  and  examined  much  material 
from  other  organs. 

Of  these  the  most  interesting  organs  are  the  kidney  and 
the  liver.  In  these  organs  occurred  numerous  focal  changes, 
to  which  one  might  attribute  significance  were  it  not  for 
their  occurrence  in'"  normal"  and  control  material. 

The  liver  shows  in  a  small  proportion  of  cases  focal  fatty 
alterations  (Plate  XIV.,  Fig.  7).  These  are,  as  a  rule,  not 
related  with  the  blood  supply.  In  a  few  instances  the  liver 
showed  fat  in  capillary  walls. 

The  kidney  showed  one  remarkable  lesion  in  four  out  of 
twenty-four  toxic-phase  guinea-pigs.  The  lesion  failed  to 
occur  in  our  "  normal "  and  anaphylactic-phase  material. 
The  lesion  consisted  in  an  exquisite  deposit  of  small  drop- 
lets of  fat  in  the  capillary  walls  of  the  pyramid  region  (Plate 
XIV.,  Fig.  8).  This  phenomenon  was  the  more  remarkable 
because  the  adjoining  tubules  were  in  most  cases  wholly  free 
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from  fat.  The  finding  was  in  so  small  a  proportion  of  cases 
that  no  extreme  significance  can  be  attached  to  it.  It 
assumes  logical  place,  however,  with  the  capillary  fat  of  the 
stomach  and  the  heart.  The  peculiar  locus  of  the  change  is, 
indeed,  suggestive,  because,  as  Dr.  Councilman  has  remarked 
to  us,  the  renal  blood  pressure  is*  doubtless  lowest  in  this 
region. 

It  is  difficult  to  interpret  findings  in  the  lungs.  Just  as  in 
the  case  of  the  heart  muscle  and  the  voluntary  muscle,  so 
also  the  lungs,  as  motile  organs,  so  quickly  disseminate  a 
hemorrhage  that  the  originally  ruptured  vessels  may  escape 
section  in  the  embedded  tissue.  We  have  found  in  certain 
instances  a  small  amount  of  fat  in  cells  lining  alveoli ;  but  little 
special  significance  can  be  attached  to  these. 

We  have  also  paid  some  attention  to  fat  findings  in  cells 
lining  the  pleura  and  pericardium.  But  the  fat-containing 
cells  in  these  loci  are  so  few  that  their  occurrence  is  of  no 
special  importance.  Nevertheless,  two  instances  of  hemo- 
pericardium  were  noted  among  gross  lesions  in  the  toxic 
material. 

The  occurrence  of  fat- containing  cells  free  in  the  dilated 
vessels  of  the  gastric  mucosa  in  toxic  material  has  also  a 
certain  interest.  In  numerous  cases  the  cerebral  meninges 
showed  a  moderate  number  of  fat-containing  cells  of  the 
type  found  in  many  chronic  lesions. 

The  study  of  the  histopathology  of  this  serum  disease 
shows  us  that  we  have  to  deal  with  an  intimate  cell  reaction 
demonstrable  by  definite  cell  lesions.  We  have  shown  that 
the  blood  of  sensitized  guinea-pigs  regularly  contains  unneu- 
tralized  anaphylactin,  the  substance  in  horse  serum  which 
gives  rise  to  anaphylaxis.  It  would  seem  that  the  toxic  sub- 
stance of  horse  serum,  so  far  as  can  be  determined  by 
biological  tests,  is  not  identical  with  the  anaphylactin.  There 
are  two  possibilities  as  to  the  cause  of  cellular  destruction  on 
the  administration  of  the  second  dose : 

First:  It  is  conceivable  that  a  combination  between  the 
whole  horse  serum  and  the  anaphylactin  of  horse  serum  in 
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the  guinea-pig  might  give  rise  to  a  toxic  substance  which 
could  destroy  the  cells. 

Second:  It  is  conceivable  that  the  cells  have  been  pre- 
pared, possibly  by  the  constant  irritation  of  the  foreign 
unneutralizable  substance,  anaphylactic  so  that  a  sudden 
inrush  of  horse  serum  overwhelms  them. 

The  first  possibility  may  be  submitted  to  experimental 
proof.  In  fact  some  experiments  of  Rosenau  and  Anderson 
would  seem  definitely  to  exclude  this  conception.  These 
authors  showed  n  that  mixtures  of  sensitive  guinea-pig  serum 
and  horse  serum  had  no  toxic  effect  on  normal  guinea-pigs. 
It  seemed  to  us  so  important  to  confirm  this  point  that  we 
repeated  the  experiment  in  a  manner  even  more  conclusive. 

Experiment  12.  —  It  has  been  shown  that  a  sensitive  guinea-pig 
can  be  given  distinct  symptoms  and  characteristic  lesions  by  injecting 
.02  cubic  centimeter  of  horse  serum  into  the  carotid.  Normal  guinea- 
pigs  were  given  intracarotid  the  following  mixtures  of  horse  serum  and 
the  serum  of  a  sensitive  guinea-pig.  The  mixtures  were  allowed  to  stand 
30  minutes  at  370  C.  before  injection  (no  precipitate). 

1.  Normal  guinea-pig  «•  A,"  weight  325,  given  into  right  carotid 

(horse  serum  .5  cubic  centimeter  -f-  serum  sensitized  pig  1.5 
cubic  centimeters) .    No  symptoms. 

2.  Normal  guinea-pig  "B,"  weight  285,  into  right  carotid  (horse 

serum  .1   cubic  centimeter  +  serum  sensitized   pig  1.5   cubic 
centimeters).    No  symptoms. 

This  experiment  proves  that  there  is  no  toxic  mixture 
formed  by  the  interaction  of  the  serum  of  sensitized  guinea- 
pigs  (anaphylactin)  and  horse  serum. 

By  exclusion,  we  are  led  to  assume  that  the  intoxication 
in  sensitive  pigs  is  due  to  some  change  in  or  preparation  of 
their  cells  by  the  sensitizing  dose.  An  hypothesis  may  be 
offered  which  seems  to  coincide  with  existent  facts ;  restat- 
ing in  detail  our  condition,  the  following  explanation  may  be 
given  of  the  serum  anaphylaxis  in  guinea-pigs:  There  is  a 
substance  in  horse  serum  (anaphylactin)  which  is  not 
absorbed  by  the  guinea-pig  tissue,  is  not  neutralized,  and  is 
with  great  slowness  eliminated  from  the  animal  body; 
many  or  all  of  the  other  substances  are  assimilated  more  or 
less  readily  by  the   tissues,  are    neutralized    in  a  relatively 
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short  space  of  time,  and  in  some  instances  (precipitogens) 
definite  reaction  products  to  them  may  be  formed.  When  a 
normal  guinea-pig  is  injected  with  a  small  amount  of  horse 
serum  the  greater  part  of  its  elements  are  rapidly  eliminated ; 
the  anaphylactic  however,  remains  and  acts  as  a  constant 
irritant  to  the  body  cells,  so  that  their  avidity  for  the  other 
assimilable  elements  of  horse  serum,  which  have  accompanied 
the  anaphylactin,  becomes  enormously  increased.  At  the  end 
of  two  weeks  of  constant  stimulation  on  the  part  of  the  ana- 
phylactic and  of  constantly  increasing  avidity  on  the  part 
of  the  somatic  cells,  a  condition  has  arrived  when  the 
cells,  if  suddenly  presented  with  a  large  amount  of  horse 
serum,  are  overwhelmed  in  the  exercise  of  their  increased 
assimilating  functions  and  functional  equilibrium  is  so  dis- 
turbed that  local  or  general  death  may  occur.  The  period 
of  incubation  is  prolonged,  in  the  case  of  a  large  initial  dose 
or  of  multiple  doses,  in  proportion  to  the  amount  of  serum 
injected,  because  the  cell  avidity  cannot  begin  to  increase 
until  the  assimilable  substances  that  have  been  heaped  up 
are  to  a  large  extent  eliminated,  and  the  normal  assimilating 
function  of  the  cell,  in  consequence,  unsatisfied.  The  toxic 
effect  of  horse  serum  would  in  probability  be  due  to  such 
normal  constituents  as  globulins  and  the  great  number  of 
such  elements  concerned  in  the  intoxication  would  perhaps 
preclude  the  possibility  of  neutralizing  it  by  means  of  a 
specific  serum.  In  the  offspring  of  refractory  mothers 
enough  anaphylactin  could  pass  into  the  fetal  circulation  to 
sensitize,  but  not  enough  of  the  assimilable  substances  to 
satisfy  the  cells.  Anaphylaxis  is  dependent  on  the  presence 
of  the  free  anaphylactin.  When  the  increased  assimilating 
power  of  the  overtrained  cells  of  the  anaphylactized  animal 
has  been  satisfied,  the  further  addition  of  horse  serum  pro- 
duces no  further  effect.  It  can  be  conceived  as  possible  to 
introduce  the  toxic  serum,  i.e.,  the  assimilable  substances,  so 
gradually  as  to  produce  no  symptoms ;  at  least,  it  may  be 
said  that  the  reaction  varies  directly  with  the  size  of  the  dose 
and  the  intimacy  of  its  administration,  or  in  brief,  the 
brusqueness  with  which  the  increased  cell  avidity  is  satisfied. 
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As  may  have  been  deduced  from  our  observation  of  the 
refractory   guinea-pigs   and  their   eventual   sensitivity,   ani- 
mals   which    have    once    suffered    severe    symptoms    and 
recovered,    if  reinjected  after   a   sufficient   period,   may  be 
made  to  undergo  again  the  typical  serum  intoxication.     By 
a  proper  dosage  the  disease  may  be  repeated  at  relatively 
short    intervals   and   as   frequently  as   desired.     By   killing 
recovered  animals  at  varying  periods,  healing  lesions,  such 
a*    gastric    ulcers,    may  be  studied,  and,    by  repeating  the 
disease,  chronic  conditions  can  probably  1>e  produced.     Our 
obvervaticss,  horn-ever,  on  these  chronic  lesions  have  hitherto 
bees  iacidertah  and  we  wish  merely  to  indicate  the  undoubted 
ral-e  cf  a  study  along   these    lines.     From    the   results  in 
Exz»er:r3ent  0  it  is  evident  that  the  localization  of  hemor- 
rba^es  may  be  more  or  less  controlled  if  the  reaction  be  made 
BiirBcieistlv  violent.     In  this  experiment    it  w:Il    be  noticed 
f^ar  the  lesions  corrcstvod  to  the  blood  ssrolv  utilized  and 
the  rani d.rx  of  death ;   in  the  case  o:  rar.d  death  (three  to 
tex   nv.nutes )    infections  into  the   jc^rular  vein  give  hemor- 
mai!fs  of  'nn^s  arid  heart,  infections  :rtc  the  carotid  artery 
proruce  the  same  lesions  ar-d  also  a^ect  the  brain;  that  is, 
me  iesser  c.rcr.ation  alone  is  reached  by  the  tcodc  serum; 
if.   nowevrr.  death  is  do  laved     uF  Xo.  5  1  gastric  hemor- 
rhages   may   aiso    Se    produced.     Infections    into   the   left 
venrricie  of  trie  heart  would  he  of  interest. 

In  conclusion,  it  is  of  importance  to  consider  certain 
reneral  re»ation$  which  ex;st  between  t^e  anarihviacric  serum 
anc  tne  anected  orcan;sm  «n  instances  of  serum  ananhvlaxis, 
I:  has  oeen  shown  by  Rosenau  and  Anderson  that  sera  of 
an;ma:s  ecne.T  tnar.  the  horse  have  an  anapr.yiactic  power 
ar^.rist  tne  c^inea-mc  Of  the  sera  mentioned  bv  these 
auttio^.  a:  least  oo£.  cattie,  and  siieer  are  hemolvric  for 
n-umea-xv^  ce_*;s      Horse  serum  ;s  nc  e.vcennor  tc  the  rule. 

ar*  -      *.  * 

L.osenax  ant:  Anoersor.  tn-ouch  inadequacies  o:  xechnic, 
-re  unante  tr  remonstrate  tn:s  he  mo  \  tic  t^ocy  in  horse 
m  rs  existence  However .  has  beer,  assured  t>v  compe- 
.:  : rsse — er?  r*as  ssrvec  as  tne  o^ts:>  o**  an  extended  study 
r*-   ortz  r    ui  *  anc  mz\  tu  '-e.cavtec  as  ar  estates! 
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It  has  further  been  shown  that  in  processes  closely  allied  if 
not  identical  with  the  instances  of  anaphylaxis  which  we 
have  studied,  there  is  a  definite  relation  between  hemolytic 
bodies  and  effects  produced.  Arthus19  found  that  a  second 
injection  of  horse  serum  subcutaneously  into  rabbits  which 
had  previously  been  given  horse  serum  at  some  distant 
point,  even  intravenously,  gave  localized  necrosis ;  horse 
serum  is  also  hemolytic  for  rabbit  corpuscles.  H.  Pfeiffer20 
found  that  the  necrotic  action  of  normal  sera  occurs 
only  in  case  the  sera  are  hemolytic  for  the  injected  animal 
in  question.  It  may  be  that  we  shall  eventually  find  some 
general  rule  as  to  the  concurrence  of  demonstrable  antagonis- 
tic bodies  and  anaphylaxis.  It  may  here  be  mentioned  that 
the  serum  of  the  rabbit-anti-horse  mentioned  as  of  high 
precipitating  power  also  contained  anaphylactin,  as  was 
shown  in  the  usual  manner  by  injecting  a  normal  guinea-pig 
and  subsequently  demonstrating  its  sensitivity  (control  of 
normal  rabbit  serum).  This  shows  still  further  the  analogy 
between  hemolysis  and  anaphylaxis. 

If  a  sensitized  guinea-pig*  is  injected  with  a  horse  serum 
deprived  of  hemolytic  immune  body  for  guinea-pig  corpus- 
cles, no  decrease  in  the  toxicity  of  the  serum  can  be  demon- 
strated. The  toxic  principle,  then,  is  not  dependent  on  the 
presence  of  the  hemolytic  body  in  this  instance. 

Experiment  13.  —  Six  cubic  centimeters  horse  serum  was  placed  in  con- 
tact with  the  sediment  of  5  cubic  centimeters  of  well-washed  guinea-pig 
blood  for  18  hours  at  o°  C.     (Treated  serum.) 

Sensitized  pigs  (.1  cubic  centimeter  horse  serum  eleven  days  pre- 
viously) were  injected : 

G.P.   No.  3,   weight,  495  grams,  given  5  cubic  centimeters  treated 

serum. 
G  P.  No.  4,  weight,  405  grams,  given  5  cubic  centimeters  horse  serum. 

Both  had  equally  severe  symptoms  but  recovered. 

The  treated  serum  was  proved  by  test-tube  experiments 
to  contain  no  longer  the  hemolytic  immune  body  present  in 
the  untreated  serum.  It  was  not  possible  to  demonstrate 
that  the  red  cells  of  sensitized  pigs  are  more  susceptible  to 
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by  Nicolle,2*  which  still  further  indicate  the  interest  which 
attaches  to  this  problem.  Besredka  and  Steinhardt  have 
added  very  little  to  the  knowledge  of  serum  anaphylaxis  in 
the  guinea-pig  beyond  that  which  had  already  been  given 
by  the  contributions  of  Otto,  and  Rosenau  and  Anderson. 
They  also  have  failed  to  note  the  striking  lesions  in  this 
disease  and  have  been  misled  into  regarding  the  refractory 
condition  as  a  state  of  immunity.  They  bring  out,  however, 
by  intracerebral  injections,  that  the  intimacy  with  which  the 
serum  comes  in  contact  with  the  body  cells  affects  the 
rapidity  and  fatality  of  the  disease.  Our  intracarotid  method 
of  injections  makes  this  point  much  more  evident.  Their 
supposition  that  anaphylaxis  depends  on  a  sensitization  of 
the  brain  is  doubtless  right  so  far  as  it  goes,  but,  as  we  have 
shown,  sensitivity  is  evidenced  in  the  somatic  cells  of  all 
parts  of  the  body  and  is  not  confined  to  any  definite  organ. 

Nicolle's  contribution,  while  not  dealing  directly  with  the 
disease  as  we  have  studied  it,  nevertheless  gives  indications 
that  anaphylactin,  the  unneutralized  substance  of  horse 
serum,  accounts  for  the  phenomenon  of  localized  necrosis 
which  has  been  described  by  Arthus.  It  is  gratifying  to  us 
that  the  persistence  of  this  foreign  element  in  the  animal 
body  seems  to  be  a  phenomenon  not  restricted  to  the  single 
case  in  which  we  have  studied  it,  but  of  a  more  general 
applicability.  It  is,  of  course,  our  hope  that  we  shall  be 
able  to  correlate  other  instances  of  anaphylaxis  with  the 
explanation  which  holds  for  the  special  instance  which  we 
have  studied. 

[We  wish  to  express  our  thanks  to  Drs.  W.  H.  Park,  J.  J.  Kinyoun, 
and  A.  P.  Hitch  ens  for  their  courtesy  in  furnishing  us  with  horse  serum.] 
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DESCRIPTION   OF  PLATES. 

Plate  XII. 

(Plates  XII.,  XIII.,  and  XIV.,  Fig.  6.     Guinea-pig  stomach.) 

Fig.  i. — x  30  ca.  Zenker  fixation.  Sharply  defined  focal  destructive 
hemorrhage  at  base  of  fold  in  gastric  mucosa. 

Fig.  2.  —  X45  ca.  Formaldehyde  fixation  —  Marchi.  Viewed  from  left 
to  right:  1.  Erosion  involving  muscularis.  2.  Fold  showing  epithelial 
fat  and  injected  subepithelial  capillaries.  3.  Area  of  necrosis  with  fat. 
4.  Fold  showing  epithelial  fat.  5.  Deep  area  of  necrosis  with  fat 
(obliquely  set).    6.     Fold  showing  dense  deposit  of  epithelial  fat. 

Plate  XIII. 

Fig.  3.  —  x  30  ca.  Formaldehyde  fixation  —  Marchi.  Extreme  injection 
with  small  hemorrhages  of  subepithelial  capillaries.  Gastric  epithelium 
outside  zone  of  injection  shows  small  collections  of  dots,  here  somewhat 
inconspicuous,  but  shown  with  higher  powers  in  Figs.  4  and  5. 

Fig.  4.  —  x  1000.  Below,  hemorrhage  from  subepithelial  capillary. 
Clusters  of  fat  droplets  in  outer  cells  of  gastric  epithelium. 

Fig.  5.  —  x  1000.  Clusters  of  fat  droplets  in  cells  of  gastric  epithelium. 
Fat  droplets  lining  capillary  endothelium  below. 

Plate  XIV. 

Fig.  6.  —  x  500.  Single  large  subepithelial  capillary  distended  with 
blood  and  lined  with  fat  droplets.     Occasional  droplets  elsewhere. 

Fig.  7  (  Guinea-pig  liver) .  —  x  30  ca.  Formaldehyde  fixation  —  Marchi. 
Cluster  of  celU  containing  fat.  These  clusters  are  probably  not  differ- 
ential for  the  6erum  disease,  but  are  found  with  some  frequency  therein. 
The  foci  are  of  irregular  distribution  and  bear  no  special  relation  to  the 
vascular  supply  of  the  liver. 

Fig.  8  {Guinea-pig  kidney).  —  x  1000.  Capillary  of  pyramid  region, 
between  walls  of  two  collecting  tubules.  Tubule  wall 6  free  of  fat.  Fat 
droplets  in  capillary  walls.  This  lesion  resembles  the  capillary  fatty 
change  found  in  numerous  foci  of  the  stomach.  The  renal  lesion  is  as  a 
rule  found  in  the  pyramids  where  the  circulation  is  6 low. 

Plate  XV.  {Guinea-pig heart.) 

Fig.  9. — x  45.  Formaldehyde  fixation  —  Marchi-  Numerous  sharply 
defined  foci  of  fatty  change.  The  figure  represents  by  no  means  the 
maximum  of  fatty  change  found  in  some  cases,  but  brings  out  the  focality 
of  the  lesion.     The  heart,  like  the  other  organs,  is  not  attacked  en  bloc. 

Fig.  10. — x  1000.  Isolated  heart  fiber  lesion.  Numerous  fat  droplets 
or  drops  with  tendency  to  arrangement  in  rows. 

Fig.  11.  —  x  1000.  Border  of  hemorrhage  into  heart  muscle.  Unlaked 
blood.    Intense  fatty  change  in  heart  fibers. 
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Plats     XVI.    (GutHta-pig   slriptd    mutch,     formaldehyde     fixation 

Marchi.) 

Fig.  ia.  — xiooo.  Muscle  fiber*  nearedge  of  fascicle.  Three  types  of 
fiber  shown  :  I.  Normal  fibers.  2.  Fibers  with  heightened  retractility. 
3.  Fibers  with  more  or  less  numerous  fat  droplets,  shown  scattered  at 
rarious  intervals,  because  the  fibers  are  cut  in  cross  section. 

Figb.  13  and  14.  —  x  1000.  Muscle  fibers  in  longitudinal  section,  show- 
ing fat  droplet*  in  rows. 

Plats:  XVII.  {Guinto-pig  peripheral  ntrvt,  formaldehyde  fixation  — 
Marchi.) 

Fig.  IJ.  — x  1000.  Node  of  Ranvier.  Swelling  and  blackening  of 
myelin  sheath  for  a  brief  interval  on  each  side  of  the  node.  "  Nodal 
change,"  early. 

Fig.  16.  — i  1000.  Nodes  of  RanWer.  Swelling  and  formation  of 
double -con  toured  bodies,  blackened  by  the  Marchi  method,  in  myelin 
aheaths  adjacent  to  nodes.     "  Nodal  change." 

Fig.  17.  —  *  '«»•  "  Linear  change."  Collection  of  fat  drops  occupy- 
ing site  of  former  sheath." 
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Plate    XVI.    (Guinea-pig   striped    muscle,     formaldehyde    fixation  — 

March  i.) 

Fig.  12.  —  x  zooo.  Muscle  fibers  near  edge  of  fascicle.  Three  types  of 
fiber  shown  :  i.  Normal  fibers.  2.  Fibers  with  heightened  refractility. 
3.  Fibers  with  more  or  less  numerous  fat  droplets,  shown  scattered  at 
various  intervals,  because  the  fibers  are  cut  in  cross  section. 

Fios.  13  and  14.  —  x  zooo.  Muscle  fibers  in  longitudinal  section,  show- 
ing fat  droplets  in  rows. 

Plate  XVII.     {Guinea-pig  peripheral  nerve,   formaldehyde  fixation  — 

March  i.) 

Fig.  15.  —  x  1000.  Node  of  Ranvier.  Swelling  and  blackening  of 
myelin  sheath  for  a  brief  interval  on  each  side  of  the  node.  "  Nodal 
change,"  early. 

Fig.  16.  —  x  zooo.  Nodes  of  Ranvier.  Swelling  and  formation  of 
double-contoured  bodies,  blackened  by  the  Marchi  method,  in  myelin 
sheaths  adjacent  to  node6.     "  Nodal  change." 

Fig.  17.  —  x  1000.  "Linear  change."  Collection  of  fat  drops  occupy- 
ing site  of  former  sheath." 
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A  STUDY  OF  NORMAL  AND  DIARRHEAL  STOOLS  FOR  THE 
DETECTION  OF  DYSENTERY  OR  ALLIED  ORGANISMS, 
WITH   DESCRIPTION  OF  A   NEW  BACILLUS.* 

Jessie  Weston  Fisher,  M.D. 

{From  the  Laboratory  of  the  Connecticut  Hospital  for  the  Insane,) 

i 

In  an  effort  to  ascertain  the  mode  of  infection  in  asylum 
dysenteries,  Dr.  Simon  Flexner  suggested  the  study  of 
normal  stools  as  well  as  mild  cases  of  diarrhea  with  a  view 
to  determining  the  presence  or  absence  of  the  dysentery  or 
allied  organisms. 

The  report  of  this  investigation  naturally  divides  itself  into 
a  brief  review  of  the  literature  of  the  subject,  a  general  dis- 
cussion of  the  methods  of  obtaining  specimens  from  normal 
cases,  bacteriological  technic,  a  summary  of  two  cases  with 
a  description  of  a  new  organism,  its  morphology,  cultural 
features,  and  agglutination  reactions. 

Recently  there  has  been  much  work  done  upon  and  con- 
siderable discussion  of  dysentery  organisms  varying  in  minor 
characteristics  from  the  original  type  and  from  each  other, 
but  all  undoubtedly  belonging  to  the  dysentery  group. 
There  are  other  organisms,  however,  which  have  not  estab- 
lished their  claim  to  this  distinction,  notably  the  organisms 
producing  atypical  reactions  in  milk.  It  was  one  of  these 
latter  which  we  isolated  from  normal  stools. 

In  1897,  Shiga  found  a  bacillus  in  dysenteric  stools  which  has  since 
been  looked  upon  as  the  true  dysentery  organism.  In  1900,  Flexner * 
isolated  a  bacillus  from  dysentery  which  he  at  first  considered  identical 
with  that  found  by  Shiga  in  Japan.  Later  it  was  discovered  to  differ  in 
many  particulars.     Kruse  in  Germany  isolated  a  similar  bacillus. 

Strong*  also  recovered  a  bacillus,  which  later  was  found  to  differ  from 
Shiga  in  its  reaction  on  mannite  as  well  as  in  its  agglutination  reaction. 
Park  and  Dunham  isolated  another  organism  in  1902,  which  differed 
in  agglutination  reaction  and  indol  production.  Duval3  described 
another  organism  which  he  considered  a  member  of  the  dysentery  group. 
This  organism  differed  from  the  other  types  of  dysentery  bacilli  in  its 
action  on  lactose  and  litmus  milk  and  its  agglutination  reaction  which 
had  a  striking  resemblance  to  typhoid. 

'Received  for  publication  Feb.  15,  1907. 
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Latterly  the  subdivision  into  types  has  been  much  studied  on  a  basis 
of  the  action  on  carbohydrates  and  the  agglutination  reaction.  On  the 
former  basis  Hiss  4  proposed  the  division  into  four  groups. 

The  first  group  consists  of  the  Shiga  type,  fermenting  monosaccharids. 
The  second  group  splits  monosaccharids,  mannite,  saccharose  and  maltose 
(bacillus  Y  of  Hiss).  The  third  group  differs  very  slightly  from  group 
two,  principally  in  agglutination  reaction.  It  is  more  active  on  saccha- 
rose. This  difference,  however,  does  not  seem  sufficient  to  warrant  a 
separate  grouping.  The  fourth  group  is  represented  by  the  Flexner  type 
and  approaches  more  nearly  the  type  of  the  bacillus  coli  communis.  It 
ferments  the  monosaccharids,  mannite,  dextrin,  and  saccharose.  If  the 
lactose  fermenting  organisms  (Duval  and  Shorer)  are  to  be  considered  as 
members  of  the  dysentery  group  there  will  need  to  be  a  still  further 
subdivision. 

Torrey  *  would  include  all  mannite  fernienters  in  the  dysentery  group 
provided  the  reaction  on  litmus  milk  was  typical.  He  considers  this  cult- 
ural test  the  most  reliable.  The  organisms  differing  in  their  reaction  on 
litmus  milk  he  would  class  as  pseudo-dysentery  bacilli. 

Previous  investigations 6  from  this  laboratory  have  estab- 
lished the  fact  that  asylum  dysentery  is  identical  with  the 
dysentery  occurring  outside  of  insane  hospitals  and  is 
undoubtedly  due  to  Bacillus  dysentericus  (usually  the  man- 
nite fermenters),  and  not  to  any  inherent  influence  of  the 
asylum,  its  environment,  or  insanity  itself,  as  has  been 
supposed. 

Thirty-seven  patients  were  studied  in  this  investigation; 
eighteen  normal  and  nineteen  suffering  from  mild  diarrhea. 
The  stools  used  in  examination  were  fresh,  being  received  at 
the  laboratory  always  within  one-half  hour  after  evacuation. 
Many  plates  were  made  from  each  case  and  all  colonies 
bearing  the  faintest  resemblance  to  the  dysentery  organism 
were  picked  off.  The  number  picked  sometimes  ran  up 
into  the  thousands,  which  was  in  accord  with  the  purpose  to 
study  exhaustively  a  few  cases  rather  than  to  make  a  super- 
ficial examination  of  a  larger  number  of  cases. 

The  normal  cases  were  carefully  selected;  none  but 
individuals  in  perfect  physical  condition  and  free  from 
previous  attacks  of  dysentery  were  accepted  for  the  experi- 
ment and  most  of  these  patients  were  inclined  to  constipa- 
tion. It  was  a  question  how  best  to  obtain  a  suitable 
specimen  from  a  healthy  individual  without  disturbing  the 
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balance  of  health  in  the  .intestines.  A  perfectly  normal 
stool  afforded  a  poor  outlook,  because  from  fecal  material 
used  for  plating  there  was  such  a  wealth  of  colonies  that  it 
seemed  a  hopeless  task  to  isolate  an  organism  which  might 
be  expected  to  be  present  in  very  small  numbers,  if  present 
at  all,  under  normal  conditions. 

At  the  suggestion  of  Dr.  W.  H.  Park  the  fenestrated  rec- 
tal tube  (a  small  blind  glass  tube  with  a  small  lateral  open- 
ing) and  swab  was  employed  in  six  cases  as  follows:  after 
an  enema  of  normal  salt  solution  was  given,  the  flushing 
being  completed,  a  sterile,  blind  fenestrated  tube  was  care- 
fully inserted  into  the  rectum  a  distance  of  four  or  five 
inches,  the  mucus  swabbed  from  the  rectal  wall  and  inocu- 
lated immediately  in  sterile  bouillon.  This  method  has  the 
advantage  of  absolute  freedom  from  outside  contamination, 
also  perfect  freshness  of  the  material  and  a  healthy  condi- 
tion of  the  rectum,  hence  the  material  used  was  as  near 
normal  as  it  was  possible  to  obtain.  This  procedure,  however, 
has  disadvantages,  in  that  the  material  is  from  the  rectum 
alone  instead  of  from  a  more  extensive  intestinal  surface,  it 
is  disagreeable  to  the  patient,  and  required  time  from  the 
laboratory.  Furthermore,  it  did  not  give  as  good  results  as 
the  cautious  use  of  cathartics. 

Three  cases  were  taken  from  post-mortem  scrapings  from 
the  colon  of  patients,  one  of  whom  died  from  mural  thrombosis 
of  the  heart  and  chrqnic  nephritis,  one  from  apoplexy,  and  the 
other  from  phthisis.  Three  specimens  were  taken  from  stools 
secured  for  biochemical  tests  after  special  diets  and  were  ab- 
solutely normal  except  for  a  little  mucus  coating  in  one  and  a 
little  bloody  mucus  in  the  other,  the  latter  probably  due  .to 
hemorrhoids.  In  these  cases  the  mucus  was  used  in  plating. 
The  other  six  subjects  were  given  a  cathartic,  usually  a 
saline.  The  fourth  or  fifth  stool  was  selected  for  plating,  as 
this  was  found  to  contain  the  most  mucus  and  a  minimum  of 
fecal  material.  While  the  mucus  of  these  stools  was 
undoubtedly  produced  by  the  irritation  of  the  cathartic,  it 
does  not  seem  probable  that  the  condition  of  the  intestine 
was  so  altered  as  to  affect  in  any  way  the  bacterial  flora. 
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The  use  of  the  fenestrated  tube  yielded  a  "  dysentery-like 
organism"  only  twice  out  of  six  cases  (33J  per  cent). 
From  the  action  of  cathartics  this  organism  was  isolated  four 
times  out  of  nine  (44$  per  cent),  while  scrapings  from  the 
colon  post-mortem  gave  the  highest  number,  two  out  of 
three  cases  (66f  per  cent),  which  would  seem  to  indicate 
that  the  habitat  of  this  organism  was  more  often  the  colon 
than  the  rectum. 

The  Hiss  plating  media7  was  used  and  from  thirty  to  fifty 
plates  made  from  each  stool.  The  dilution  found  to  give 
the  most  uniform  and  useful  plates  was  one  small  loop  of  a 
bouillon  suspension  of .  mucus  to  a  large  tube  of  medium 
(about  30  cubic  centimeters)  making  two  or  three  plates 
each.  Plates  made  in  this  manner  produced  from  one 
hundred  to  three  or  four  hundred  colonies  each. 

Plates  were  never  discarded  until  they  were  too  dry  for 
further  growth,  and  from  many  plates  every  colony  was 
picked.  This  wholesale  stripping  of  plates  was  done  to 
remove  all  doubt  as  to  the  possibility  of  overlooking  the 
dysentery  organism  which  one  would  naturally  expect  to  find 
in  limited  numbers,  if  present  at  all,  in  the  normal  bowel. 
The  colonies  were  transplanted  to  the  Hiss  semisolid 
medium,8  which  was  found  invaluable  in  eliminating  gas 
producing  or  motile  organisms.  The  non-motile  and  non- 
gas  producing  cultures  were  transferred  to  litmus  milk  and 
slant  agar,  while  more  minute  differentiations  were  made  by 
means  of  mannite  agar  and  litmus  serum  water  media  (Hiss). 
All  litmus  milk  tests  as  well  as  the  fermentation  of  sugars  in 
litmus  serum  water  were  made  several  times  and  observations 
taken  every  day  for  thirty  days  unless,  as  occasionally 
happened,  the  media  dried  during  the  last  few  days  of 
observation. 

In  ten  of  the  normal  cases  studied,  no  dysentery  or 
"  dysentery-like  organism "  was  isolated.  In  eight,  two  of 
which  were  autopsy  cases,  many  colonies  of  a  "  dysentery- 
like organism"  (pathogenic  to  guinea-pigs)  were  recovered. 
For  convenience  this  organism  will  be  designated  Bacillus  F. 
In   the   second   autopsy  case   an   organism  (pathogenic  to 
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guinea-pigs)  resembling  Bacillus  fecalis  alcaligenes  was 
isolated.  It  differed  from  the  alkaline  organism  of  Duval,  in 
that  it  did  not  split  either  dextrose  or  saccharose  and  pro- 
duced but  a  faint  reaction  in  mannite.  It  was  pathogenic  to 
guinea-pigs  and  was  recovered  in  large  numbers  from  one 
normal  case. 

Fifteen  diarrhea  cases  were  negative,  that  is  no  dysentery 
or  "dysentery-like  organisms'1  were  recovered.  From  two 
cases  Bacillus  F  was  isolated  the  same  as  from  the  eight 
normal  cases.  One  case  of  severe  diarrhea  gave  very  many 
colonies,  in  fact  almost  a  pure  culture  of  a  small  diplococcus 
which  died  out  too  soon  for  thorough  study.  The  colonies 
were  very  fine,  dew-like,  and  did  not  appear  on  plates  under 
thirty-six  or  forty-eight  hours. 

Two  out  of  the  nineteen  cases  of  diarrhea  yielded  the 
dysentery  bacillus  of  the  Flexner  type  (one  in  small  and  the 
other  in  large  numbers).  Of  these  two  cases,  the  first  sub- 
ject was  a  man  fifty-nine  years  of  age  who  worked  every  day 
on  the  lawn.  The  previous  summer  he  had  a  severe  attack 
of  diarrhea,  but  no  examination  was  made  of  the  stools.  The 
attack  under  consideration  began  May  10,  1905.  On  the 
first  day  he  had  two  soft  movements.  On  the  second  there 
were  eighteen  stools  which  were  scanty,  dark  brown  liquid, 
containing  flakes  of  mucus  with  feces  and  shreds  of  undi- 
gested food.  On  the  third  day  under  treatment,  the  stools 
were  reduced  to  three  and  were  semisolid  and  slate  color. 
On  the  fourth,  fifth,  and  sixth  days  the  bowels  did  not  move 
and  a  cathartic  had  to  be  administered.  His  temperature 
was  1010  F.  on  the  second  day,  but  gradually  dropped  to 
normal.  The  stool  used  in  examination  was  passed  the 
second  day  and  contained  little  flakes  of  mucus,  liquid  feces 
and  undigested  food,  but  no  blood.  The  mucus  was  used  in 
plating.  Forty-seven  plates  were  made  and  nine  hundred 
and  fifty-one  colonies  were  picked,  all  of  which  proved  to  be 
gas  producers  on  semisolid  media  except  four,  which  were 
among  the  last  thirty  colonies  tested.  This  shows  the  value 
of  testing  many  colonies  and  the  futility  of  superficial 
examinations  in  work  of  this  character. 
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These  four  organisms  were  non-Gram,  non-motile  bacilli 
giving  an  acid,  amphoteric  then  alkaline  reaction  on  milk  and 
fermented  mannite  agar  without  the  production  of  gas.  They 
fermented  saccharose,  dextrose,  mannite,  galactose,  maltose, 
and  glucose,  but  did  not  change  dextrin,  inulin  or  lactose. 
They  were  agglutinated  in  dilutions  up  to  one  thousand  with 
Flexner  (horse)  serum  and  were  positive  with  the  Shiga 
(horse)  serum  and  his  own  serum  at  one  to  two  hundred. 

Blood  taken  seven  days  after  the  onset,  when  the  patient 
had  practically  recovered,  gave  positive  agglutinations  with 
the  paracolon  bacillus  (1-40),  colon  bacillus  (1-20),  but 
was  negative  with  Shiga,  Flexner,  "  Mt.  Desert,"  and  "  Coney 
Island  "  dysentery  bacilli. 

This  patient  did  not  resume  regular  diet  but  continued  to 
take  milk,  eggs,  and  toast,  when,  ten  days  after  the  beginning 
of  the  first  diarrhea,  he  had  a  severe  attack  of  dysentery 
lasting  about  ten  days  (from  which  recovery  was  at  one 
time  doubtful).  The  stool  examined  from  this  attack  con- 
tained much  blood  and  little  mucus  but  no  feces.  Eighteen 
plates  were  made,  from  which  one  hundred  and  eighty-one 
colonies  were  picked,  when  three  colonies  of  the  Flexner 
type  of  dysentery  organism  were  isolated  and  the  search  was 
discontinued.  The  identification  of  these  organisms  was 
complete.  The  agglutination  with  Flexner  (horse)  serum 
was  1-500,  with  Shiga,  1-200,  with  his  own  serum,  1-50. 

The  second  case  of  diarrhea  from  which  the  Flexner  type 
of  organism  was  obtained  occurred  in  a  woman  forty-nine 
years  of  age.  The  attack  lasted  two  days,  during  which 
time  she  had  numerous  watery  mucus  stools.  The  first  day 
the  temperature  was  100  6°  F.,  gradually  dropping  to  normal. 
During  the  second  day  of  the  disease  a  specimen  was  sent  to 
the  laboratory.  It  was  liquid,  containing  feces  in  suspension, 
also  vegetable  fibers  and  had  a  peculiar  strong  odor. 
Neither  blood  nor  mucus  being  present,  it  was  necessary  to 
use  the  flakes  or  feces  in  making  the  twenty-five  plates. 
One  hundred  and  sixty  cultures  were  the  result  of  the  first 
day's  picking,  about  fifty  of  which  were  non-gas  producers 
on  semisolid  media  (Hiss).     Of  these  fifty,  only  twenty-four 
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were-  further  tested  and  identified  with  the  Flexner  type  of 
organism.  The  serum  from  this  patient  agglutinated  the 
Flexner  organism  in  dilution  of  1-100,  paracolon  1-100, 
colon  1-50,  and  own  organism  1-250,  and  the  bacillus  was 
agglutinated  by  Flexner  serum  (horse)  1-1,000. 

The  organisms  from  both  of  these  cases  were  pathogenic 
to  guinea-pigs  in  the  same  dose  as  the  Flexner  bacillus.  It 
was  impracticable  to  use  feeding  tests  so  intraperitoneal 
inoculations  were  resorted  to.  The  animals  sickened  at 
once,  lying  in  their  cages,  refusing  food  and  dying  in  from 
twelve  to  twenty-four  hours.  At  autopsy,  the  abdominal 
cavity  contained  a  little  bloody  serous  exudate  and  the  liver 
was  covered  with  little  flakes  of  fibrinous  material.  The 
peritoneum  was  slightly  hyperemic. 

In  one  case  of  dysentery  a  bacillus  resembling  Duval's 
(Bacillus  A)  was  recovered  in  large  numbers  and  Bacillus 
F  in  small  numbers.  This  case,  an  old  woman  ninety-three 
years  of  age,  suffered  from  a  simple  diarrhea  beginning  July 
6,  1905.  July  7th,  forty-three  plates  were  made  from  a 
rectal  swab.  No  mucus  was  obtained  and  the  plates  were 
negative.  There  were  but  few  suspicious  colonies  and  only 
four  hundred  and  forty-five  were  picked.  Eight  days  later 
the  patient  passed  blood  and  mucus,  which  was  received  at 
the  laboratory  on  a  sheet.  Thirty-five  plates  were  made 
from  this  bloody  mucus  and  four  hundred  and  forty-six 
colonies  were  picked,  thirty-six  of  which  were  first  acid  on 
litmus  milk,  then  amphoteric,  finally  permanently  acid  with- 
out coagulation  until  the  media  dried  up.  These  organisms 
fermented  maltose,  galactose,  mannite,  dextrose,  and  glucose, 
but  not  saccharose,  lactose,  inulin  or  dextrin.  They  were 
agglutinated  by  the  Harris  (horse)  serum  in  dilutions  of 
1-1,000,  but  were  negative  to  Shiga  serum.  A  few  cultures 
of  Bacillus  F  were  also  isolated. 

One  of  the  negative  cases  of  diarrhea  was  periodic  in 
character  and  an  examination  was  made  from  a  rectal  swab 
in  the  interval  between  attacks  as  well  as  stools  from  two 
different  attacks.  The  two  diarrheal  cases  from  which 
Bacillus  F  was  isolated  differed  in  no  respect  from  others 
from  which  it  was  not  obtained. 
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DESCRIPTION  OF  BACILLUS   F. 

Morphology.  —  The  morphological  character  of  this 
bacillus  is  of  no  value  for  its  ultimate  classification,  because 
it  is  not  distinguishable  from  bacilli  of  the  colon  and  dysen- 
tery groups.  The  bacillus  varies  considerably,  like  the 
dysentery  and  colon,  in  different  media  varying  with  the  tem- 
perature, etc.,  but  it  is  generally  a  short  rod  with  rounding 
ends  from  .3  to  .6  of  a  micron  in  width  and  from  one  to 
four  microns  in  length.  Fresh  broth  cultures  are  usually 
very  short  rods,  while  older  cultures  are  much  longer.  It 
sometimes  occurs  in  pairs  but  is  usually  single.  No  spores, 
capsules,  or  flagella  were  discovered.  It  stains  readily  with 
the  usual  stains  and  is  decolorized  by  Gram's  method. 

Biology.  —  It  is  an  aerobic,  facultative  anaerobic,  non- 
liquefying  bacillus,  developing  best  at  370  C,  but  grows  very 
well  at  room  temperature.  It  is  non-motile  except  for  a 
slight  Brownian  movement,  occasionally  observed.  It 
develops  well  on  all  the  usual  culture  media,  but  the  differ- 
ences in  growth  are  not  sufficient  to  differentiate  it  from 
Bacillus  dysentericus.  On  gelatin  plates  the  colonies  were 
not  distinguishable  from  the  dysentery  colony  and  there  was 
no  liquefaction,  although  the  colonies  had  a  very  moist 
appearance.  On  the  gelatin  stab  cultures  there  was  no 
liquefaction,  and  the  growth  was  identical  with  that  of  the 
Flexner  bacillus.  On  the  Hiss  plating  media  the  surface  colo- 
nies, about  the  size  of  dysentery  colonies,  are  slightly  wavy 
in  outline,  grayish  translucent  in  color  by  transmitted  light, 
few  are  umbonate,  all  are  slightly  elevated  and  moist  in 
appearance.  Microscopically,  they  are  uniformly  granular 
with  central  thickening,  edges  transparent  and  occasionally 
scalloped.  The  deep  colonies  are  round  or  slightly  lenticular 
in  shape  and  creamy  in  color.  On  agar  slants  the  growth  is 
a  grayish  translucent  streak  with  slightly  wavy  edges  spread- 
ing out  in  bulb  shape  at  the  bottom.  In  bouillon  they  give 
a  uniform  turbidity  without  the  formation  of  a  pellicle.  On 
potato,  the  growth  is  creamy  in  color  unless  it  is  slightly 
seeded,  when  it  is  almost  invisible.     Litmus  milk  is  changed 
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to  a  lilac  red  color,  a  brighter  tint  than  that  produced  by  the 
dysentery  bacillus,  in  the  first  twenty-four  hours,  and  con- 
tinues so  without  coagulation  until  the  medium  dries  up,  or 
for  five  or  six  weeks.  This  medium  is  the  most  satisfactory 
early  differentiator  between  this  bacillus  and  the  members  of 
the  true  dysentery  group.  On  mannite  litmus  agar  it  pro- 
duced acid  without  gas  formation,  and  the  appearance  of  the 
growth  was  not  distinguishable  from  the  Flexner  type  of 
Bacillus  dysentericus.  On  litmus  serum  sugars  (Hiss)  Bacil- 
lus F  ferments  lactose,  maltose,  saccharose,  galactose,  dex- 
trose, mannite,  and  glucose,  but  gives  no  appreciable  reaction 
on  dextrin  and  inulin. 


Litmus  serum  media  in  the  differentiation  of  colon,  Shiga,  Flexner,  Bacillus  F,  and 

the  Duval  organisms. 


List  of  Sugars. 


Lactose 

Maltose 

Saccharose 

Dextrin 

Galactose   

Dextrose 

Inulin  (decolorized) 

i 

Mannite   

Glncose  


Colon. 
(With 
Gas.) 

Bacillus  P. 
(No  Gu.) 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 



+  + 

+  + 

+  + 

+  + 

+  + 

— 

+  + 

+  + 

+  + 

+  + 

Flexner. 

(No  Gu.) 


+  + 

+ 

+ 
+  + 
+  + 

+  + 
+  + 


A»  b*  c, 

(Duval  and 

Shore.) 


+  +  + 

+  +  + 

+ 

-  +  + 

+  +  + 

+  +  + 


The  litmus  serum  tests  were  made  three  times  and  in  some 
cases  four,  extending  over  a  period  of  at  least  thirty  days 
with  daily  observations  by  the  same  individual.  The  varia- 
tion in  these  three  different  tests  was  so  great  that  we  have 
come  to  consider  this  medium  an  unreliable  differential  test. 
The  medium  was  prepared  with  extreme  care  and  the  sugars 
used  were  from  the  same  package,  yet  occasionally  a  given 
organism  would  give  a  different  reaction  in  each  of  the  three 
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tests  as  — ,  +,  -| ,  but  more  often   two  tests   would   be 

identical,  in  which  case  the  predominant  reaction  was  taken 
as  the  true  one.  Whether  this  variation  was  due  to  faulty 
technic,  unavoidable  variation  in  medium,  to  oxidation  or 
other  chemical  change,  or  to  variations  in  amount  or  activity 
of  bacteria  inoculated,  it  would  be  impossible  to  say.  It 
would  seem,  however,  that  if  a  medium  prepared  with 
extreme  care  had  to  be  inoculated  and  reinoculated  before 
the  true  reaction  could  be  determined,  that  it  is  entirely  too 
unstable  and  requires  too  much  time  to  be  of  any  practical 
value  in  the  differentiation  of  bacteria. 

Bacillus  F  did  not  produce  indol  after  repeated  tests,  but 
the  presence  or  absence  of  indol  in  cultures  of  the  dysentery 
type  is  of  no  value  for  differential  purposes.  It  was  patho- 
genic to  laboratory  animals  in  the  same  doses  as  the  Flexner 
type  of  dysentery,  and  the  same  conditions  were  found  post- 
mortem after  intraperitoneal  injections;  namely,  bloody 
serous  exudate,  hyperemia  of  peritoneum  and  intestines  and 
a  fibrinous  exudate  on  the  liver.  One  rabbit,  which  died 
during  immunization,  had  little  yellowish  nodules  scattered 
through  the  liver.  Microscopically,  these  were  encysted 
necrotic  areas  without  bacterial  invasion. 

Bacillus  F  inhibits  the  growth  of  the  Shiga  and  the  Flex- 
ner type  of  organisms  in  broth  cultures  and  on  agar  plates. 
The  bacteria  were  cultivated  separately  in  neutral  bouillon  for 
twenty-four  hours  without  any  alteration  in  the  reaction  of 
the  medium.  At  the  end  of  that  time  the  cultures  were 
mixed  and  allowed  to  stand  for  another  twenty-four  hours  at 
room  temperature  before  plating.  The  Hiss  plating  medium 
was  used  and  the  plates  yielded  a  pure  culture  of  Bacillus  F 
showing  that  the  bacteria  were  in  some  way  antagonistic  to 
each  other,  and  that  Bacillus  F  was  the  surviving  organism. 
This  enantiobiosis  may  account  for  the  fact  that  the  bacteria 
were  found  but  once  associated  together  in  any  of  the  one 
hundred  and  thirty-five  dysentery  cases  previously  examined 
here,  also  for  the  absence  of  the  bacillus  dysentericus  from 
normal  stools. 
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Agglutination.  —  The  serum  reaction  has  its  limitations  as 
a  differentiator  because  of  a  lack  of  absolute  specificity,  but 
at  the  same  time  it  has  its  value  when  carefully  used. 
Experience  with  the  agglutination  reaction  tends  to  show 
that  wide  variations  in  agglutinability  may  occur  in  different 
strains  of  the  same  organism  and  that  in  estimating  the 
agglutinable  value  of  a  serum  or  organism  both  values  must 
be  considered.  Buxton  and  Vaughan 9  have  clearly  demon- 
strated this  in  their  work  with  different  strains  of  typhoid 
bacilli. 

In  this  connection  many  agglutination  and  absorption  tests 
were  made  with  rabbit  immune  serum.  The  work  was 
undertaken  primarily  to  show  the  variation  in  agglutinability 
of  some  of  the  types  of  dysentery  organisms  in  comparison- 
with  Bacillus  F.  Later  this  developed  into  a  study  of  the 
comparative  agglutinability  of  various  species  of  bacilli  when 
inoculated  simultaneously,  a  report  of  which  is  given  in  the 
following  article,  "  A  Study  of  Agglutination." 

The  organisms  used  in  these  experiments  were  the  Shiga 
bacillus  obtained  through  Dr.  Flexner;  Flexner  bacillus 
(Dr.  Flexner)  ;  Colon  bacillus  (Dr.  W.  H.  Park)  ;  Typhoid 
bacillus  (Yale  Pathological  Laboratory) ;  Paratyphoid  bacil- 
lus (Dr.Herter's  Laboratory);  and  Bacillus  F  isolated  by 
us  from  normal  intestines. 

Rabbits  were  used  in  the  immunization  experiments.  They 
were  all  healthy  animals  and  none  were  utilized  if  their  nor- 
mal serum  agglutinated  any  of  the  immunizing  organisms  in 
a  dilution  of  1-10.  They  were  immunized  by  means  of 
bouillon  cultures  sterilized  in  the  autoclave  for  fifteen  minutes 
at  6o°  C,  under  five  pounds  pressure.  Inoculations  were 
made  for  three  successive  days,  then  once  a  week  for  two  or 
three  months.  The  initial  dose  was  one  cubic  centimeter 
gradually  increased  to  eight  to  ten  cubic  centimeters.  For 
the  simultaneous  inoculations  the  cultures  were  mixed  just 
before  the  administration  of  the  dose.  Two  animals  suc- 
cumbed during  the  process  of  immunization  apparently  from 
toxemia.     They  were  the  ones  inoculated  respectively  with 
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fresh  t*:u-":n  cultures  were  acrp-ted  in  these  experiments- 
A  centre  I  test  was  invariably  made,  thus  crviating  possible 
mistakes  frcm  p-5t:dx".:=t^.     The  readings  were  made  at 

There  was  a  ^ride  variation  in  the  agglutinability  of  the 
six  organisms  us^-i  in  these  experiments,  the  typhoid  bacillus 
heading  the  list  its  every  combination  o:  sera.  Bacillus 
F  generally  came  next  in  agglutinablc  value  followed  closely 
by  the  Flexser  and  eclen  bacilli.  The  Shiga  bacillus  was 
usually  agglutinated  at  a  much  lower  dilution,  while  the  para- 
typhoid culture  was  the  poorest  agglutinator  of  all.  Once 
paratyphcid  in  combination-serum  reached  a  positive  reac-. 
tion  at  i-i,coo,  but  with  its  own  serum  alone  it  never  agglu- 
tinated above  1—500. 

The  symbcls  used  in  the  following  tables  are  -4-+  (double 
plusj  indicating  a  reaction  in  which  every  bacillus  was 
clumped,  the  damps  being  large;  +  i  plus*  indicates  a  reac- 
tion where  the  organisms  were  all  agglutinated,  but  the 
clumps  were  smaller ;  +  —  ( plus  and  minus )  stands  for  a 
partial  agglutination  with  some  free  organisms,  and  — 
(minus)  indicates  no  reaction. 
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It  will  be  remarked  in  the  first  table,  as  would  be 
expected,  that  Bacillus  F  was  agglutinated  at  the  highest 
dilution  by  its  own  serum.  Gradually,  however,  the  agglu- 
tinable  value  of  the  serum  diminished  as  other  organisms 
were  combined  with  Bacillus  F  for  immunization.  Why  the 
combination  of  organisms  should  diminish  the  agglutinable 
value  of  the  serum  is  not  plain,  unless  the  presence  of  an 
increased  number  of  common  agglutinins  interfered  with  the 
reaction,  which  would  be  contrary  to  the  observations  of 
Buxton  and  Vaughan.  The  common  agglutinins  are  gener- 
ally supposed  to  supplement  the  action  of  the  specific 
agglutinins,  thus  increasing  the  reaction. 

The  combination  serum  Bacillus  F  and  typhoid  agglu- 
tinated Bacillus  F  at  a  much  higher  dilution  than  did  the 
serum  from  the  combination  of  Bacillus  F  and  Flexner,  while 
the  typhoid  serum  alone  had  no  agglutinating  power,  and 
Flexner  serum  alone  was  +  in  dilution  i-ioo.  The  same 
thing  will  be  observed  in  regard  to  Bacillus  F  and  para- 
typhoid serum  which  agglutinates  +  +  1-5,000,  +  to  10,000. 
The  addition  of  the  paratyphoid  organism  in  immuniza- 
tion cut  down  the  agglutination  from  1-40,000  (Bacillus  F 
serum)  to  1-10,000  in  combination,  while  the  paratyphoid 
serum  alone  gave  no  reaction  with  Bacillus  F. 

Bacillus  F  serum  agglutinated  Bacillus  F  at  1-50,000; 
Lindberg  4  (a  Flexner  type  isolated  from  a  case  of  diarrhea 
previously  described)  was  agglutinated  at  1-5,000;  Parker 
I  (a  Duval  type)  at  1-1,000,  while  the  original  Flexner 
organism  (Harris)  reached  only  up  to  1-100  and  Shiga  at 
1-40. 
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After  absorption  with  Bacillus  F  the  agglutinable  value  of 
this  serum  was  reduced  for  Bacillus  F  to  1-500,  and  for 
Flexner  all  agglutinins  were  removed. 


Table  III. 
Bacillus  F  serum  absorbed  with  Bacillus  F. 


Culture. 


Bacillus  F    

Lindberg  4  (Flexner) . 
Parker  1  (Duval  type) 

Flexner  (Harris) 

Shiga    


Before  Absorption. 


50,000 

5iOOo 

1,000 

100 

40 


After  Absorption. 


500 

500 

20 

o 

20 


From  this  absorption  it  would  seem  that  there  was  a  closer 
relation  between  Bacillus  F  and  Duval's  type  than  between 
Bacillus  F  and  the  dysentery  bacillus,  although  our  Lind- 
berg 4  culture,  which  in  other  respects  is  identical  with  the 
Flexner  culture,  shows  a  much  higher  agglutination  and 
greater  absorption.  Our  Duval  type,  however,  produced  no 
specific  agglutinins  for  Bacillus  F,  reacting  in  dilutions  of 
1-20  only,  while  the  typhoid  serum  induced  no  reaction 
(+  1-20),  and  the  colon  serum  very  little. 

When  the  absorption  of  Bacillus  F  serum  was  made  with 
the  Flexner  organism,  the  agglutinable  value  of  the  serum 
for  Bacillus  F  was  reduced  to  thirty  thousand,  and  was 
negative  for  Flexner. 
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Table  IV. 
Bacillus  F serum  absorbed  with  Flexner  {Harris). 


Culture. 


Bacillus  F 

Lindberg  4  (Flexner  type) 
Parker  1  (Duval  type) 

Flexner  (Harris) 

Shiga 


Before  Absorption. 

After  Absorption. 

50,000 

3OfOO0 

5,oco 

5»ooo 

I,000 

40 

IOO 

O 

40 

20 

The  Flexner  organism  removes  only  the  common  agglu- 
tinins from  Bacillus  F  serum. 

When  Flexner  and  Bacillus  F  were  both  used  in  the 
immunization  the  agglutination  of  both  organisms  was 
reduced.  Bacillus  F  with  own  serum  agglutinated  1-50,000; 
with  combination  Flexner  and  Bacillus  F  serum  only  1-4,000; 
Flexner  with  own  serum  1-40,000;  with  the  combination 
1-4,000.  This  serum  after  absorption  with  Flexner  was 
negative  with  Flexner  bacilli  and  agglutinated  Bacillus  F 
only  in  1-40  dilution,  when  absorbed  with  Bacillus  F  the  con- 
dition was  reversed.  This  would  seem  to  show  that  there  were 
more  common  than  specific  agglutinins  present  in  the  serum 
or  that  the  antagonism  noticed  between  the  two  organisms 
in  vitro  held  good  in  vivo.  In  all  sera  there  was  a  noticeable 
decrease  in  the  agglutinating  power  of  the  combination- 
serum  with  every  organism  added  to  the  combination,  but 
this  was  most  noticeable  where  Bacillus  F  was  one  of  the 
immunizing  organisms.  The  typhoid  bacillus  was  least 
affected  by  combinations,  and  was  always  agglutinated  higher 
than  any  other  organisms  of  the  combination. 


A  STUDY   OF  NORMAL  AND  DIARRHEAL  STOOLS.      1 99 


3- 


* 


•ooo'oS-i 

+ 

•ooo'oV-i 

+ 

■ooo*of-i 

+ 

•ooo'oe-i 

+ 

*000*OI-I 

+ 
+ 

' 

•ooo*S-i 

+ 
+ 

+ 

•OOO1*-! 

+ 
+ 

+ 

•ooo*€-i 

+ 
+ 

+ 

•ooo'e-i 

+ 

+ 

+ 

"OOO1!-! 

1 

+ 

+ 

+ 
+ 

:  + 

•ooS-i 


+  +.+  +  + 
+  +  ■■"  +  +  + 


•ooe-i 


+    + 

+    + 


+ 


+    +    + 

+    +    + 


+    + 


-OOI-I 


+  -h  +  +  +  + 


+  + 


•of-i 


+   +   4-   +    +   ^    +    ^    + 


•oe-i 


+    +    +    +    +    +    +    +    + 
+    +    +    +    +    +    +    +    + 


a 
o 

•a 
* 
a 
•a 

p 

!• 

bo 

< 


I 

8 
9 


*5      bo 

-    §  .a 

h    o    J 


b 

I 


fc     a 

o 


i 


9.2    *o 


w  a  o  as  a- 


V»'r±  d.z*  kteo:  'n  rl  be  noticed  tine  BadZlis  F  is  aggin- 
inafcrC  jl  a  knrer  dirtier  txac  lie  cainc*  and  the  agglutina- 
tion   it    tsovsmecjy  fae   tz>   tie  c^nrmoE  rarber  than 

T*Jtx  TL 


Cufcirrt- 


FjCUKX . .  %Cm30D  4/xx> 

fiftdlll*  f JOD  o 

Stag*  UOod  loo 


Bacillus  F  has  removed  many  of  the  agglutinins  for  the 
Flexner  organism,  and  for  Shiga  as  well  as  for  Bacillus  F. 

Taxle  V1L 


Culture  Before  Absorption. 


Flexner 54x000  100 

Bacillus  F 200  40 

Shiga   i/joo 


The  Flexner  organism  has  not  absorbed  as  many  agglutinins 
for  Shiga  from  this  serum  as  did  Bacillus  F. 

The  agglutinability  of  the  bacillus  must  always  be  con- 
sidered as  well  as  the  agglu  tin  able  value  of  the  serum,  but  in 
these  experiments  the  bacillus  was  always  the  same  except 
for  the  slight  variation  due  to  renewed  cultures.  The 
group  or  common  agglutinins  in  these  cases  have  not  supple- 
mented the  specific  ones  in  their  action  causing  an  increased 
agglutinating  strength,  as  would  be  expected,  but  have 
undoubtedly  retarded  or  weakened  the  specific  agglutinins 
themselves. 
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SUMMARY, 

All  cases,  however  brief  the  duration,  where  blood  or 
bloody  mucus  was  found  in  the  stool,  invariably  yielded  the 
bacillus  dysentericus  of  the  Flexner  type,  with  the  exception 
of  two  mild  cases,  in  one  of  which  the  Shiga  type  was 
recovered  and  in  the  other  the  Duval  lactose  fermenting  type. 

The  Flexner  type  of  Bacillus  dysentericus  was  recovered 
twice  in  simple  diarrheas,  once  in  very  small  numbers  (four 
colonies  out  of  about  one  thousand  picked),  the  second  time 
in  large  numbers. 

The  Flexner  organism  may  occasionally  be  a  factor  in  the 
production  of  mild  diarrheas,  as  it  was  recovered  in  two  out 
of  nineteen  cases  after  prolonged  search. 

The  Shiga  type  was  never  found  in  simple  diarrheal  stools 
or  in  normal  intestines. 

No  type  of  the  bacillus  dysentericus  was  isolated  from 
normal  stools. 

Bacillus  F,  a  "  dysentery-like  "  organism,  was  recovered 
from  44.4  per  cent  of  normal  stools,  from  10.5  per  cent  of 
simple  diarrheas  and  from  .01  per  cent  of  dysentery  cases. 

In  agglutination  and  absorption  experiments  Bacillus  F 
produces  specific  agglutinins  for  Bacillus  F,  but  not  for  types 
of  dysentery,  colon  or  typhoid,  and  differs  from  all  three 
organisms  in  its  reaction  on  litmus  milk  and  with  some  of 
the  carbohydrates. 

The  frequent  presence  of  Bacillus  F  in  the  intestines  of  the 
healthy  individual  renders  it  of  interest  and  importance 
because  of  the  close  resertiblance  to  the  bacillus  dysentericus. 

Bacillus  F  was  isolated  from  one  case  of  dysentery  and 
two  of  simple  diarrhea,  and  its  close  resemblances  in  mor- 
phology, cultural  characteristics,  agglutination  and  absorption 
reactions  place  it  undoubtedly  in  the  classification  with  the 
organisms  described  by  Duval  and  Shorer  and  termed  by 
Torrey  pseudo-dysenteries. 

This  organism  would  seem  to  be  much  more  closely 
related  to  the  pseudo-dysentery  group  (Torrey)  than  to 
either  the  dysentery,  colon,  or  typhoid  groups. 
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Bacillus  F  differs  from  Duval's  organisms  in  the  production 
of  permanent  acidity  on  litmus  milk  without  any  amphoteric 
stage,  in  its  pathogenicity  to  guinea-pigs  and  negative 
reaction  with  typhoid  scrum. 

It  differs  from  Bacillus  A  (Duval)  in  that  it  ferments 
saccharose;  from  Bacillus  B  (Duval)  in  that  it  does  not  fer- 
ment dextrin  but  does  ferment  saccharose;  and  from 
Bacillus  C  by  not  fermenting  dextrin. 

Bacillus  F  differs  from  the  colon  bacillus  in  that  it  does 
not  coagulate  milk,  is  not  motile,  is  not  agglutinated  by  the 
colon  immune  serum,  nor  does  Bacillus  F  serum  agglutinate 
the  colon  bacilli.  The  colon  bacillus  ferments  all  sugars 
with  the  production  of  gas,  while  Bacillus  F  does  not  form 
gas  with  any  of  the  carbohydrates  and  does  not  ferment 
dextrin  or  inulin. 

Bacillus  F  inhibits  the  growth  of  both  the  Shiga  and  Flex- 
ner  type  of  dysentery  organism  in  vitro. 

Torrey  suggests  the  possibility  that  these  lactose  fer- 
menters  may  by  a  gradual  change  of  habitat  and  evolution 
lose  their  power  to  ferment  carbohydrates  and  thus  in  time 
approach  the  Shiga  type.  This  suggestion  hardly  seems 
tenable  as  cultures  under  experimentation  for  a  considerable 
time  have' not  changed  perceptibly  in  their  characteristics. 

[The  thanks  and  acknowledgments  of  the  writer  are  due  to  Dr.  Simon 
Flexner  and  Dr.  A.  R.  Diefendorf  for  their  advice  and  assistance  in  this 
work ;  also  to  Dr.  A.  B.  Coleburn  for  cases  and  material.] 
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A   STUDY   OF    AGGLUTINATION.* 

Jessie  Weston  Fisher,  M.D. 
{From  the  Laboratory  of  the  Connecticut  Hospital  for  the  Insane?) 

The  object  of  this  investigation  has  been  a  study  of  the 
variation  in  agglutinability  of  the  different  types  of  dysentery 
organisms  in  comparison  with  Bacillus  F,1  together  with  the 
comparative  agglutinability  of  various  other  species  when 
simultaneously  inoculated.  This  includes  observations  upon 
rabbit  sera,  human  normal  sera,  and  human  dysenteric  sera. 

The  value  of  the  agglutination  and  absorption  reactions  as 
a  means  of  differentiating  various  .types  of  dysentery 
organisms  has  been  the  subject  of  inquiry  because  of  the 
lack  of  absolute  specificity  of  the  agglutinins  produced  by 
intestinal  bacilli.  These  organisms  give  rise  to  many  com- 
mon as  well  as  specific  agglutinins  which  influence  every 
reaction.  The  agglutinable  value  of  bacteria  fluctuates 
widely,  even  varying  in  the  same  cultures  from  changes  of 
temperature,  age,  etc.  The  number  of  organisms  in  an 
emulsion  must  also  be  considered,  for,  the  greater  the  number 
of  bacteria  to  be  agglutinated,  the  greater  the  number 
of  agglutinins  which  will  be  necessary  to  produce  a  complete 
reaction.  Many  factors,  therefore,  must  be  considered  in 
interpreting  agglutination  reactions,  notably  the  agglutinable 
value  of  the  serum  as  tested  upon  a  known  type  of  bacilli, 
the  agglutinable  value  of  the  organism  as  tested  by  a  known 
serum,  the  presence  or  absence  of  agglutinoids,  and  the 
number  of  organisms  present,  as  well  as  the  technic  of  the 
operation. 

METHODS.  —  In  these  experiments  the  microscopic  method 
was  used  exclusively  in  the  agglutination  reactions  because 
we  found  it  could  be  read  in  higher  dilutions  than  the 
macroscopic.  For  example:  in  two  experiments  made  in 
this  laboratory  with  typhoid  bacilli  and  typhoid  serum,  we 

*  Received  for  publication  April  i,  1907. 
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found  a  positive  reaction  at  1-40,000  in  the  hanging  drop 
while  the  test-tube  was  negative  at  1-10,000. 

Eighteen  to  twenty-four-hour  bouillon  cultures  made  from 
recent  agar  slants  were  used  for  the  agglutination  reactions 
and  a  control  test  was  always  made,  thus  obviating  possible 
mistakes  from  pseudo-clumps. 

Healthy  rabbits  were  used  in  the  immunization  experi- 
ments, and  none  were  utilized  if  their  normal  serum  aggluti- 
nated any  of  the  intestinal  organisms  used  in  this  work  at 
1-10.  This  is  an  important  consideration,  as  sometimes 
there  are  present  in  the  blood  of  both  animals  and  man 
agglutinins  for  intestinal  organisms.  This  occurred  twice 
out  of  thirty  rabbits.  Once  we  found  that  the  Flexner 
organisms  were  agglutinated  at  1-200,  and  once  the  typhoid 
bacilli  at  1 -2 ,000  by  the  serum  of  apparently  healthy 
rabbits. 

The  six  organisms  used  in  the  immunization  were : 

The  Shiga  bacillus  obtained  through  the  courtesy  of  Dr.  Simon  Flexner 
(Rockefeller  Institute). 

The  Flexner  bacillus  also  obtained  from  Dr.  Flexner. 

The  colon  bacillus  obtained  from  Dr.  W.  H.  Park  (Board  of  Health 
Laboratory,  N.Y.). 

The  typhoid  bacillus  obtained  from  Prof.  C.  J.  Bartlett  (Yale 
Laboratory). 

The  paratyphoid  bacillus  obtained  from  Dr.  C.  A.  Herter1s  Private 
Laboratory,  N.Y. 

Bacillus  F  isolated  from  normal  intestines  at  the  Laboratory  of  the 
Conn.  Hospital  for  the  Insane. 

Intraperitoneal  inoculations  for  immunizations  were  made 
on  three  successive  days,  then  once  a  week  for  three  months. 
The  initial  dose  administered  was  one  cubic  centimeter  of  a 
twenty-four  to  forty-eight  hour  bouillon  culture  sterilized  in 
the  autoclave  for  fifteen  minutes  at  6o°  C.  under  five  pounds 
pressure.  This  dose  was  slowly  increased  until  the  animals 
took  without  discomfort  eight  to  ten  cubic  centimeters  of  the 
bouillon  culture. 

For  the  simultaneous  inoculations  of  more  than  one  organ- 
ism, the  cultures  were  mixed  after  sterilization  and  just 
before  the  administration  of  the  dose.     The  total  quantity  of 
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the  dose  in  the  simultaneous  inoculations  naturally  had  to 
remain  the  same  as  that  of  the  separate  organisms,  hence  the 
quantity  of  each  organism  entering  into  the  combination  was 
reduced  in  proportion  to  the  number  of  organisms  entering 
into  the  combination ;  for  instance,  the  initial  dose  was  one 
cubic  centimeter,  hence  if  one  organism  was  used  there  was 
one  cubic  centimeter  of  that  bacillus  administered,  if  two 
organisms  one-half  cubic  centimeter  of  each  was  given,  if 
three  organisms  one-third  cubic  centimeter  of  each,  and  so  on. 

The  blood  serum  of  the  animal  was  tested  every  week  or 
ten  days  until  it  reached  the  height  of  its  agglutinability  for 
the  organisms  of  immunization ;  that  is,  when  the  reaction 
remained  practically  stationary  for  two  weeks.  The  rabbit 
was  then  bled  from  the  carotid  artery  with  aseptic  precau- 
tions, and  the  serum,  without  the  addition  of  any  preserva- 
tive, sealed  in  sterile  bottles  and  placed  on  ice. 

The  agglutinating  power  of  this  serum  was  tested  within  a 
few  days  of  its  preparation  with  nineteen  stock  organisms, 
again  after  absorption  with  each  organism  used  in  immuniza- 
tion, and  finally  after  absorption  with  all  the  organisms  used 
in  immunization.  Of  these  nineteen  organisms,  we  will  omit 
from  consideration,  for  the  sake  of  brevity,  five  organisms  of 
the  Flexner  type,  one  of  the  Duval  lactose  fermenting  type, 
two  alkaline  organisms,  and  two  of  the  Bacillus  F  type  (all 
isolated  in  this  laboratory)  and  confine  this  report  to  our 
Bacillus  F  and  eight  of  the  well-known  types  of  intestinal 
organisms,  namely  the  Shiga,  Flexner,  paratyphoid,  typhoid, 
Coney  Island,  colon,  paracolon  and  Mt.  Desert  bacilli. 

Rabbit  immune  sera.  —  It  scarcely  seems  necessary  to 
tabulate  all  of  the  agglutination  and  absorption  experiments 
on  rabbits,  therefore  this  report  will  be  limited  to  examples 
showing : 

(a.)  Variation  in  agglutinability  before  and  after  absorp- 
tion. 

(6.)     The  lack  of  specificity  of  agglutinins. 

(c.)  Reduction  of  agglutinating  strength  of  immune  sera 
by  the  use  of  more  than  one  organism  in  immu- 
nization. 
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(</.)  The  supplementing  of  specific  agglutinins  by  com- 
mon agglutinins. 

(*. )  Variation  in  the  agglutinable  value  of  the  different 
organisms. 

Theoretically,  simultaneous  injections  ought  to  produce 
specific  agglutinins  for  each  Organism  which  could  be 
removed  by  absorption  without  affecting  the  agglutination  of 
other  organisms.  In  this  connection,  we  may  refer  to 
Buxton  and  Vaughan,*  who  have  given  very  convincing 
examples  to  prove  this.  In  our  work  this  theoretical  result 
has  not  been  demonstrated. 

(a.)  Variation  in  agglutinability  before  and  after  absorp- 
tion.—  In  some  cases  absorption  with  one  organism  has 
materially  decreased  the  agglutination  of  others  and  almost 
invariably  affected  it  to  some  degree;  for  example,  in  the 
combination  serum,  induced  by  inoculation  of  Bacillus  F 
and  the  typhoid  bacillus,  typhoid  bacilli  were  agglutinated 
at  1-500,000  and  Bacillus  F  at  1-30,000,  but  after  absorp- 
tion with  the  typhoid  bacilli,  the  serum  still  agglutinated 
the  typhoid  bacilli  at  1—50,000,  but  was  entirely  negative 
with  Bacillus  F,  but  when  absorbed  with  Bacillus  F  the 
typhoid  reaction  was  reduced  to  1-10,000,  a  greater  reduc- 
tion than  after  absorption  with  typhoid  bacilli. 

Table  I. 


Immune  rabbit  serum  Bacillus  F  and  typhoid. 

Organisms. 

»» -^-   -  *  1, . ,,—.«?    ,       After  Absorption       After  Absorption 
Before  Absorption.        with  TyphiST    ,    with  Bacillus  F. 

Bacillus  F 

! 
i— 10*000                   n                   t 

Typhoid    

1-500,000 

I— 5Oy00O 

I— lOyOOO 

In  a  few  instances,  absorption  by  one  of  the  immunizing 
organisms  has  seemed  to  free  receptors  for  one  of  the 
other  immunizing  bacilli,  which  agglutinated  higher  after 
absorption   than    before.     Examples:    In    the    Shiga    and 
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typhoid  serum  before  absorption  the  typhoid  bacilli  were 
agglutinated  1-5,000,  but  after  absorption  with  Shiga  the 
typhoid  agglutination  went  up  to  1-100,000,  and,  after  absorp- 
tion with  the  typhoid  bacilli,  instead  of  decreasing  the  original 
reaction  it  increased  it  to  1-20,000.  The  Shiga  agglutinins 
apparently  inhibited  the  action  of  the  typhoid  agglutinins 
and  their  removal  increased  the  reaction. 

Table  II. 
Immune  rabbit  serum  Shiga  and  typhoid. 


Organisms. 

Before  Absorption. 

After  Absorption 
with  Typhoid. 

After  Absorption 
with  Shiga. 

1-1,000 
I-5.O0O 

I-500 
I-20,000 

O 
1—100,000 

• 

Shiga  and  paratyphoid  serum  agglutinated  the  Shiga 
bacilli  1-500  and  the  paratyphoid  bacilli  1-1,000  before 
absorption,  but  after  absorption  with  paratyphoid  bacilli, 
Shiga  was  agglutinated  -+-  -f-  1-3,000  and  ■+  1-5,000. 


Table  III. 
Immune  rabbit  serum  Shiga  and  paratyphoid. 


Organisms. 

Before  Absorption. 

After  Absorption 
with  Shiga. 

After  Absorption 
with  Paratyphoid. 

Sbi» 

I-500 

I-I,O0O 

1-1,000 

I-500 

I-500 

I-20 

I-20 

I-IOO 

I—20 

I-I,OCO 

I-500 

I-IOO 

1-2,000 

O 

O 

O 

O 

1-20 

1-5,000 
O 

O 

O 

I— IOO 

O 

Bacillus  F 

0 

O 

• 

O 

1 
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Here  again  it  is  observed  that  there  is  a  higher  agglutina- 
tion of  Shiga  and  typhoid  after  absorption  by  Shiga,  one  of 
the  immunizing  organisms. 

• 

(b.)  Lack  of  specificity  of  agglutinins.  —  In  the  Shiga 
and  paratyphoid  serum  agglutinins  were  produced  for  the 
Flexner,  typhoid,  and  Coney  Island  bacilli  at  as  high  a  dilu- 
tion as  for  the  bacilli  of  immunization,  but  for  the  other 
organisms  to  only  a  slight  degree.  These  agglutinins  were 
removed  for  all  except  Coney  Island  by  the  absorption  with 
the  paratyphoid  bacilli,  showing  that  the  reaction  was  due  to 
common  agglutinins. 

From   the  agglutination    reactions  shown    in   Table    III., 

» 

before  absorption  it  would  be  impossible  to  differentiate  the 
organisms  used  in  immunization  because  of  the  height  of  the 
reaction  of  the  others,  due  undoubtedly  to  the  large  number 
of  common  agglutinins. 

(c.)  Reduction  of  agglutinating  strength  of  immune 
sera  by  the  use  of  more  than  one  organism  in  immunization. 
—  Bacillus  F  and  the  Flexner  bacilli  used  together  in  immu- 
nizing gave  rise  to  agglutinins  for  both  organisms,  but 
neither  organism  was  agglutinated  in  as  high  dilutions  as 
when  a  single  organism  was  used  in  immunization.  For 
instance,  Bacillus  F  immune  serum  agglutinated  Bacillus  F 
in  a  dilution  of  1-50,000,  while  the  combination  immune 
serum  of  Bacillus  F  and  Flexner  agglutinated  Bacillus  F  in 
dilution  of  1-1,000  and  Flexner  1-3,000.  The  Flexner 
serum  alone  agglutinated  the  Flexner  bacilli  in  a  dilution 
of  1-10,000.  This  was  true  in  varying  degrees  of  all  double 
combinations  of  Bacillus  F  except  in  the  case  of  typhoid 
and  Bacillus  F,  in  which  both  organisms  were  agglutinated 
as  high  as  in  the  separate  immune  sera. 


A   STUDY   OF  AGGLUTINATION. 


209 


s 
a 


IT 


3  2 

1 


s 


8 


3 

03 


C 
M 
V 


u 

a 

CQ 


H 


a 

o 
»^ 

o 
U 


S 
2 

o 
03 


8    8 


« 


+ 


m       to 


+ 
+   +    +    +       + 


to 


+ 

+ 


+ 
++ 


M    ^f         M  »-  CO        N 


+  +  + 

+    +    +    + 


N 


8 


O 

+ 

+ 


*A 


* 


+        +        +   "    + 

++   ++   ++   -H- 


+ 
++ 


8 

+ 
+ 


9k 

8 

+ 
+ 


II 

+ 


88 

+ 
++ 


8    8 


+  + 


*■       •«■ 


+   + 


8 


2.° 


+  + 
+  ++ 


% 


+ 


+ 
+ 


M 


+ 


o 


8 


+      + 


at 

8 


O 
to 


+ 


•»  •>        ■> 

«  O 

+ 

++  +      + 


8 


w 


+ 


+  +  +  +  + 


o 

10 


a 

a 

s 

I* 

8 


a 
e 

P 

-  a 


fa 

3 


3 

CQ 


an 


o 

a* 


o 

c 


s 


CI 
ctf 

0Q 


c 

8 
E 

■a 

a 

fa 

3 


CQ 


a 

o 

-a 

s 

fa 

M 

P 

33 


a 

p 


M 


a 

u 


a 

M 


a 

8 


a 

u 


a 

p 

8 


a 

p 

M 


^         W  — »        ^ 


5el 

«•    3    O 

*•  .  o. 
o»  o  a 

MO.. 

v  ps-a 

-^  ♦»  •-« 

fc  e»  o 

62w 


■oja  g 
x   .0 

KB 


fi 


CtfJS 


8' 


■Sfc2 

Is? 

U.. 


a 


g    U   * 

5  *  « 

QO 

#  *  &3 

1  V  <*  = 

1  °*   b 
I  3§§ 

0-1 01 

o  w  .. 
3  •  •  n 

*  6.2P 
e  3.C 

'"  Zf* 

-*♦  »r 

S   •  c 

•5tJ  M 

c  a  . 

*  2-2 

*  M 


aio 


FISHER. 


The  typhoid  bacilli  are  the  strongest  of  all  organisms  in 
both  their  agglutinogens  power  and  agglutinating  value,  and 
are  but  little  affected  in  multiple  immune  serum.  The  para- 
typhoid bacilli,  the  poorest  agglutinators,  had  the  least  agglu- 
tinogens power  and  the  typhoid  bacilli  the  greatest.  The 
colon  and  Shiga  bacilli  once  showed  an  increase  in  reaction, 
otherwise  the  agglutinating  strength  of  multiple  immune 
sera  was  less  than  serum  acted  upon  by  a  single  organism. 
The  reduction  in  the  amount  of  the  dose  administered  in  the 
simultaneous  inoculations  probably  did  not  affect  the  number 
of  agglutinins  produced  because  some  organisms;  namely, 
typhoid,  Shiga,  and  colon  were  observed  several  times  in 
higher  reactions  in  multiple  than  in  single  sera. 

(d.)  The  supplementing  of  specific  by  common  agglu- 
tinins. —  The  results  of  absorption  tests  were  not  constant, 
varying  fully  as  much  as  did  the  agglutination  reactions. 
Sometimes  absorption  by  an  organism  would  not  remove  all 
agglutinins '  for  itself  from  a  multiple  serum,  showing  that 
the  specific  agglutinins  were  supplemented  by  the  common 
agglutinins  raised  by  the  associated  bacilli.  A  few  examples 
are  given  below. 


Table  V. 
Immune  rabbit  serum  FUxner  and  typhoid. 
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In  this  experiment  the  absorption  by  typhoid  bacilli  did 
not  remove  as  many  agglutinins  for  the  typhoid  bacilli  as 
did  the  absorption  by  the  Flexner  bacilli.  Absorption  with 
typhoid  bacilli  raised  the*  reaction  for  the  colon,  paracolon, 
and  Coney  Island  bacilli. 


Table  VI. 
Immune  rabbit  serum  colon  and  typhoid. 


Organisms. 

Before  Absorption. 

After  Absorption 
with  Typhoid. 

After  Absorption 
with  Colon. 

Shiga 

20 
XOO 

• 

40 

IOO.OOO 

3,000 

500 

1,000 

40 

40 

O 

O 

O 

500 

500 

40 

40 

O 

O 

0 

• 

20 

O 

30,000 

IOO 

Colon 

Bacillus  F  

40 
200 

Paracolon. 

Mt.  Desert 

O 

Coney  Island 

O 

Neither  colon  bacilli  nor  typhoid  bacilli  removed  all 
agglutinins  for  themselves,  but  absorption  by  each  mate- 
rially decreased  the  reaction  of  the  other  organisms.  Para- 
colon, as  frequently  happened,  reacted  quite  high,  although 
it  was  not  used  in  any  of  the  immunizations. 


Tabli  VII. 

Immune  rabbil  serum  typhoid  and  pamtypktid- 

Before  Absorption. 

After   Abaorptn 
with  PuitisW. 

•ittTnkSi. 

joo 

50,000 

5,000 

l'mty|i>iul(l 

40 

1,000 
40 

¥> 

Absorption  by  typhoid  bacilli  did  not  remove  all  agglu- 
tinins for  the  typhoid  bacilli  any  more  than  did  the  para- 
typhoid absorption.  The  paracolon  bacilli  were  again 
agglutinated  higher  than  the  paratyphoid  bacilli,  which  was 
one  of  the  immunizing  organisms. 

Table  VIII. 

Immune  rabbit  strum  (/?):    Colon,  paratyphoid,  and  typhoid. 


M„ 


>K«    

fluw...., 
ht*typh.M 
ly,,t..M  ... 

t:...  ..\..„  , , 

t*~rt<hnf 


100,000 
10,000 


,A^t 


3,000 
1 ,000 


Typhoid. 

After  Atwxp- 
Pu>  typhoid. 

O 

0 

,0O 

40 

» 

° 

3.000 

W" 

5.000 

3fioo 

0 

° 

.«o 

5.000 

0 

0 

• 

• 
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The  colon  absorption  did  not  remove  all  agglutinins  for 
the  colon  bacilli,  but  reduced  the  typhoid  reaction  as  much 
as  did  the  absorption  by  the  typhoid  bacilli. 

Absorption  by  the  paratyphoid  bacilli  reduced  the  reaction 
of  both  the  typhoid  and  colon  bacilli,  but  increased  the 
reaction  of  the  paracolon  bacilli,  which  was  originally  higher 
than  paratyphoid,  one  of  the  immunizing  organisms. 


Table  IX. 
Immune  rabbit  serum  Bacillus  F  and  paratyphoid. 


Organisms. 


Shiga 

Flexner  .... 
Paratyphoid 
Typhoid    . . . 

Colon 

Bacillus  F.  . . 
Paracolon  . . 
Mt  Desert  . 
Coney  Island 


After  Absorption 
with  Paratyphoid. 


O 
20 


After  Absorption 
with  Bacillus  F. 


O 
O 


0 

'  20 

40 
0 

0 

0 

4,000 

1,000 

40 

100 

0 

0 

0 

0 

^ 


Absorption  with  Bacillus  F  failed  to  remove  all  agglu- 
tinins for  Bacillus  F,  but  reduced  the  paratyphoid  reaction  to 
1-40.  Absorption  by  the  paratyphoid  removed  all  agglu- 
tinins for  that  organism  and  decreased  the  reaction  of  Bacillus 
F  from  1-10,000  to  1-4,000. 

On  the  other  hand,  an  organism  sometimes  removed  all 
agglutinins  for  both  immunizing  organisms,  which  would 
seem  to  show  that  no  specific  agglutinins  had  been  raised  by 
the  other  organism  or  else  that  the  specific  agglutinins  were 
the  same  (which  is  highly  improbable)  for  the  two  organisms. 
For  example : 
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Table  X. 
Immune  rabbit  serum  Flexner  and  paratyphoid. 


Organisms. 

Before  Absorption. 

After  Absorption 
with  Flexner. 

After  Absorption 
with  Paratyphoid. 

Flexner 

20 

20/XX) 

IOO 

20 

40 
200 

20 
IOO 
IOO 

O 

O 

O 

20 

O 

20 

20 

O 

O 

O 

10,000 

0 

Typhoid 

0 

Colon 

0 

Bacillus  F 

200 

Paracolon 

c% 

Mt.  Desert 

200 

Coney  Island 

1,000 

The  Flexner  organism  removed  agglutinins  for  both 
organisms  of  immunization. 

Absorbed  with  the  paratyphoid  bacilli  the  Flexner  reac- 
tion was  reduced  one-half,  but  the  Coney  Island  reaction  was 
much  increased. 

Bacillus  F  reacted  in  a  higher  dilution  than  did  the 
paratyphoid  bacillus,  which  was  one  of  the  immunizing 
organisms. 

The  absorptive  power  of  organisms  other  than  those  used 
in  immunization  was  tested  twice,  once  with  the  Flexner 
bacilli  acting  upon  the  serum  of  Bacillus  F  and  once  with 
Bacillus  F  acting  upon  the  Flexner  (horse)  serum.  Practi- 
cally the  same  result  was  obtained  in  each  case ;  namely,  a 
slight  reduction  in  the  reaction  for  the  inoculating  .bacillus 
and  an  entire  removal  of  all  agglutinins  for  the  absorbing 
bacillus,  showing  that  other  organisms  do  not  affect  the  spe- 
cific agglutinins  but  remove  only  those  common  to  both 
organisms.  In  but  one  instance  (serum  colon,  Flexner,  and 
Shiga)  were  all  agglutinins  removed  by  absorption  with  all 
the  organisms  of  immunization. 
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Table  XI. 
Immtine  rabbit  serum  Flexner,  colon,  and  Shiga. 


Shiga 

Flexner 

Paratyphoid 

Typhoid 

Colon 

Bacillus  F  .. 
Paracolon  . . 
lit.  Desert.. 
Coney  Island 


Before 
Absorption. 


1,000 

3,000 

o 

IOO 

4,000 
40 

o 

40 
40 


After 

Absorption 

with 

Plezner. 

After 

Absorption 

with 

Colon. 

200 

IOO 

O 

40 

O 

O 

O 

O 

2,000 

O 

20 

N 

O 

O 

O 

0 

O 

0 

O 

After 

Absorption 

with 

Shiga. 


O 
500 

O 
IOO 

4,000 
40 

o 

40 

20 


After  Ab- 
sorption 
with  all  the 
Organisms 
of  Immuni- 
zation. 


O 

o 
o 
o 
o 
o 
o 
o 
o 


This  is  the  only  serum  from  which  all  agglutinins  were 
removed  by  absorption  with  all  the  organisms  of  immuni- 
zation. 

The  reaction  of  both  Shiga  and  Colon  was  considerably 
reduced  after  absorption  by  the  Flexner  bacilli,  showing  that 
the  specific  were  supplemented  by  the  common  agglutinins. 

(e.)  Variations  in  agglutinable  value  of  organisms. — 
There  was  considerable  variation  in  the  reaction  of  each 
organism  with  the  different  combination  sera  of  which  it 
was  one  of  the  immunizing  bacteria.  Colon  showed  the 
lowest  agglutination  reaction  when  acted  upon  by  the  com- 
bination immune  serum  of  colon,  typhoid,  paracolon,  Bacillus 
F,  Flexner,  and  Shiga.  The  typhoid  reaction  was  lowest 
with  the  multiple  immune  serum  from  colon,  typhoid,  para- 
typhoid, and  Flexner.  The  paratyphoid  reaction  was  never 
high  and  did  not  vary  as  much  as  the  others,  although  it 
showed  the  same  tendencies.  Bacillus  F  agglutination  was 
lowest  (1-1,000)  with  multiple  serum  Flexner  and  Bacillus 
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F.  Flexner  was  lowest  with  multiple  serum  colon,  Bacillus 
F,  Flexner,  and  Shiga.  Shiga,  next  to  paratyphoid,  was  the 
poorest  agglutinator.  It  reacted  lowest  with  the  combina- 
tion serum  from  all  the  organisms.  (See  E  serum,  Table 
IV.) 

In  these  experiments  it  was  found  that  the  agglutinating 
strength  of  a  given  serum  may  vary  from  time  to  time ;  for 
example,  Bacillus  F  immune  serum  agglutinated  Bacillus 
F  +  +  1-20,000  and  +  1-40,000  when  drawn,  while  three 
months  later  the  same  serum,  kept  on  ice  without  the  addition 
of  any  preservative,  agglutinated  Bacillus  F  +  +  1-50,000, 
which  was  30,000  higher  than  when  the  serum  was  first 
drawn  and  tested.  This  serum  did  not  deteriorate  on  stand- 
ing, neither  were  the  agglutinins  changed  to  agglutinoids. 

Human  normal  serum.  —  The  serum  from  four  normal 
individuals  (laboratory  staff)  showed  the  presence  of  agglu- 
tinins in  all  but  one  case  for  one  or  more  of  the  following 
organisms:  Flexner,  Mt.  Desert,  Coney  Island,  and  para- 
colon. In  the  first  case  the  Flexner  organisms  were  agglutin- 
ated at  1-20.  In  the  second  case  the  Mt.  Desert  and  Coney 
Island  bacilli  were  agglutinated  at  1-500.  The  typhoid, 
Shiga,  and  colon  bacilli  were  negative  with  sera  from  all  four 
individuals.  This  demonstrated  that  mistakes  may  easily  be 
made  in  the  use  of  the  serum  reaction  in  diagnosis  when  the 
normal  reaction  of  the  individual  is  unknown. 

Human  dysenteric  serum. —  It  is  of  interest  to  note  the 
results  of  four  cases  of  agglutination  and  absorption  of  human 
serum  of  patients  from  whose  dysenteric  stools  the  bacillus 
dysentericus  (Flexner  type)  was  isolated.  The  blood  for 
these  absorptions  was  drawn  by  means  of  a  ten-cubic-centi- 
meter glass  hypodermic  syringe,  with  antiseptic  precautions, 
from  the  median  or  medianbasilic  veins.  The  patients 
suffered  no  inconvenience  from  the  loss  of  such  a  small 
quantity  of  blood  and  the  only  local  manifestation  was  a 
slight  ecchymosis  due  to  the  leakage  from  the  needle 
puncture.     The    sera   from    these   four   subjects   contained 
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agglutinins  in  dilutions  varying  from  1-250  to  1-1,000  for 
the  Flexner  type  of  organism  isolated  from  their  own  stools. 
It  also  possessed  agglutinins  in  practically  the  same  dilutions 
for  the  original  Flexner,  Mt.  Desert,  and  Coney  Island  bacilli, 
as  well  as  for  the  colon  and  paracolon  bacilli.  The  Shiga 
bacilli  did  not  react  higher  than  1-20. 

Absorption  tests  made  in  the  usual  way  with  the  dysentery 
organism  isolated  from  the  individual  in  two  of  the  above 
cases  removed  all  agglutinins  from  the  serum,  showing  that 
the  infection  was  a  single  one,  that  the  organism  isolated  was 
the  infecting  agent,  and  that  the  agglutinins  affecting  the 
other  organisms  were  common  agglutinins  induced  by  the 
same  organism.  From  the  third  case  all  agglutinins  were 
removed  except  those  for  the  paracolon  bacilli,  the  reaction 
of  which  was  reduced  from  1-1,000  to  1-50.  In  the  serum 
of  the  fourth  case  the  agglutinins  remained  after  absorption 
for  both  the  colon  and  paracolon  bacilli  in  practically  the 
same  dilution  as  before  absorption,  showing  that  in  all  proba- 
bility this  individual's  blood  contained  agglutinins  for  these 
two  organisms  before  the  onset  of  the  attack  of  dysentery. 
This  experiment  shows  that  it  is  impossible  by  serum  diag- 
nosis to  absolutely  differentiate  the  type  of  the  infecting 
organism  in  dysentery.  These  cases  are  of  more  value  than 
animal  experiments  because  there  can  be  no  question  of 
agglutinins  induced  artificially. 

SUMMARY. 

The  use  of  more  than  one  organism  in  animal  immuniza- 
tion tends  to  reduce  the  agglutinins  produced  for  each  of  the 
inoculating  bacilli.  This  might  possibly  be  explained  in  two 
ways :  first,  by  the  over-stimulation  of  the  cell  due  to  the 
action  of  so  many  organisms,  causing  it  to  give  off  fewer 
specific  agglutinins;  secondly,  by  considering  that  a  given 
cell  is  capable  of  producing  only  a  certain  number  of 
agglutinins.  When  this  cell  is  acted  upon  by  a  single 
organism  all  of  these  agglutinins  would  be  excited,  but  when 
two  or  more  organisms  are  used  in  immunization,  the 
number    of    agglutinins    being    limited    must    be    divided 
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between  these  organisms,  resulting  in  a  decrease  in  the 
agglutination  of  each. 

The  simultaneous  inoculation  of  various  types  of  bacilli 
produces  specific  agglutinins  for  each  organism,  but  not  in 
as  great  number's  as  when  each  organism  is  separately  in- 
jected. 

The  agglutination  reaction  has  a  very  limited  value  in  the 
differentiation  of  types  of  intestinal  organisms. 

In  these  experiments  almost  without  exception,  absorption 
of  a  multiple  immune  serum  by  one  of  the  immunizing 
organisms  lowered  (in  many  cases  materially)  the  aggluti- 
nation reaction  of  the  other  immunizing  organisms. 

Absorption  of  a  multiple  immune  serum  by  one  of  the 
organisms  of  immunization  did  not  always  remove  all 
agglutinins  for  that  organism,  showing  that  the  reaction  was 
supplemented  by  the  common  agglutinins  raised  by  the  other 
organisms. 

The  agglutinogenic  power  varied  with  the  agglutinable 
value  of  the  organism. 

Normal  human  and  animal  serum  may  contain  agglutinins 
for  one  or  more  organisms  in  dilutions  as  high  as  i-2,ooo, 
therefore  the  reaction  of  a  serum  must  be  ascertained  before 
beginning  animal  experiments  or  interpreting  clinical 
agglutinations. 

In  the  human  or  animal  subject,  the  agglutination  reaction 
is  of  no  value  in  differentiating  the  type  of  the  infecting 
dysentery  bacilli. 

[The  thanks  of  the  writer  are  due  to  Dr.  Simon  Flexner,  who  suggested 
this  problem,  and  to  Dr.  A.  R.  Diefendorf  for  his  hearty  cooperation  and 
critical  assistance  in  this  work,  also  to  Mr.  Victor  Caryl  Myers  for 
valuable  help  in  immunization,  etc.] 
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THE  APPLICATION  OF  THE  CARD-CABINET   SYSTEM    IN    THE 
STORAGE  OF  MICROSCOPICAL  SLIDE-PREPARATIONS.* 

E.  E.  Tyzzer,  A.M.,  M.D. 

(Assistant  in  Pathology,  Harvard  University,  and  Director  oj  Research,  Caroline 

Brewer  Croft  Cancer  Commission?) 

To  those  engaged  in  histological  study,  the  method  to  be 
employed  in  the  storage  of  slides  is  a  matter  for  considera- 
tion. The  problem  of  storage  is  perhaps  most  difficult  in 
the  pathological  laboratories  connected  with  the  large  hospi- 
tals, where  it  is  necessary  to  file  away  the  slides  of  a  large 
number  of  cases,  or  in  departments  of  instruction  in  which  a 
great  many  sets  of  histological  preparations  are  kept  for 
teaching  purposes.  Even  the  investigator  may  be  at  a  loss 
how  to  dispose  of  his  steadily  accumulating  slides.  Every 
one  dislikes  to  throw  away  preparations  which  may  be  of  use 
to  others  or  which  may  be  valuable  for  future  reference,  yet 
unless  some  efficient  method  of  storage  is  employed,  they 
not  only  occupy  more  space  than  is  necessary,  but  are  often 
difficult  to  find  when  most  desired.  A  system  of  storage 
should  be  simple,  compact,  and  of  the  easiest  possible 
access. 

Perhaps  the  most  serviceable  of  the  slide  cabinets  hereto- 
fore devised  are  those  with  trays  in  which  the  slides  lie  hori- 
zontal. Cabinets  of  this  type  are  especially  useful  in  storing 
new  preparations,  since  they  must  be  kept  in  the  horizontal 
position  sufficiently  long  after  mounting  for  the  balsam  to 
harden.  However,  for  the  storage  of  older  preparations 
these  cabinets  are  not  only  bulky  but  expensive. 

No  one  ever  undertakes  to  store  cards  in  a  horizontal 
position  in  trays,  and  there  is  no  valid  reason  why  old  and 
thoroughly  dried  slides  should  be  stored  in  this  manner.  The 
method  here  proposed  is  simply  an  application  of  the  card- 
cabinet  idea  to  the  storage  of  such  slide-preparations  as  are  to 
be  kept  for  future  reference  or  for  teaching  purposes.     A 

*  Received  for  publication  March  8, 1907. 
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cabinet  of  the  following  design  has  been  given  a  thorough 
trial  and    has  proved  efficient  in  every  respect.      This  has 


twelve  double  trays,  each  of  which  is  divided  by  a  median  lon- 
gitudinal partition  so  as  to  accommodate  two  rows  of  slides 
stored  on  edge.  The  trays  have  depth  sufficient  to  allow  for 
cardboard  markers  in  addition  to  the  width  of  the  slides,  are 
about  twelve  and  three-fourths  inches  long,  and  seven  inches 
wide.  They  should  be  well  made  of  thoroughly  seasoned 
wood,  preferably  of  hard  wood,  and  finished  within  and 
without.  The  frame  for  holding  the  trays  is  constructed 
after  the  manner  of  card-cabinets  in  general.  Especial 
attention  should  be  given  to  the  matter  of  strength  in  its 
construction,  for  when  filled  with  slides  the  weight  repre- 
sented is  considerable.  All  the  joints  of  the  frame,  as  well 
as  of  the  trays,  should  be  dovetailed  where  possible  and  else- 
where neatly  joined.  Such  a  cabinet  having  twelve  double 
trays  occupies  a  space  approximately  16  X  13  X  13  inches 
and  holds  six  thousand  slides  of  medium  thickness.     This 
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furnishes  a  unit  of  convenient  size,  as  one  of  greater  dimen- 
sions would  be  of  too  great  weight  to  be  readily  moved 
about.  A  cost  of  $19.00  is  an  estimate  given,  by  one  of  the 
manufacturers  of  card-cabinets,  ^  for  the  construction  of  a 
single  cabinet  of  this  description.  At  this  figure  the  cost 
per  slide  for  storage  is  less  than  one-third  of  one  cent. 

The  form  may  be  modified  to  meet  the  requirements  of 
the  case.  Single  instead  of  double  trays  may  be  preferred 
by  some,  although  the  latter  are  n<5t  too  heavy  to  be  handed 
about  with  ease.  Others  may  prefer  to  store  the  slides  on 
end,  which  necessitates  deep  trays.  Such  a  system  has 
already  been  devised,  but  the  difficulty  in  manipulating  the 
slides  in  this  position  furnishes  an  objection.  Shallow 
drawers  may  be  divided  by  partitions  at  appropriate  intervals 
and  made  to  hold  large  numbers  of  slides,  but  are  not  so 
convenient  as  trays  of  such  size  that  they  can  be  carried 
about  without  effort. 

The  limitations  of  the  system  of  storage  proposed  are 
obvious,  but  I  am  nevertheless  convinced  that  it  will  be 
found  a  most  useful  as  well  as  simple  method  of  storing 
large  numbers  of  histological  slide-preparations.  It  cannot  be 
used  for  fresh  preparations,  as  these  must  be  kept  for  a  time 
in  the  horizontal  position.  Immersion  oil  should  be  removed 
from  the  slides  before  they  are  stored  in  the  manner  pro- 
posed, although  even  this  is  not  disastrous,  for  preparations 
which  are  adherent  are  readily  pulled  apart  and  cleaned. 
On  the  other  hand,  by  this  method  a  large  number  of  slides 
may  be  kept  together  in  small  space  and  in  such  a  manner 
that  they  are  always  accessible  and  ready  for  reference. 


THE  ESTIMATION    OF    LEUCOCYTES    FROM   STAINED    BLOOD- 
SMEARS.* 

Ralph  C.  Larrabke,  M.D. 
{Instructor  in  Medicine  and  Hematology,  Tufts  College  Medical  School.) 

This  paper  represents  a  study  of  the  value  and  accuracy 
of  certain  attempts  to  simplify  the  process  of  blood-counting 
by  substituting  the  use  of  stained  smears  for  the  Thoma-Zeiss 
apparatus. 

Such  a  method  was  used  by  Einhorn  in  1884.  It  was 
further  elaborated  by  Einhorn  and  Laporte  in  1902  and  sub- 
sequently by  Hewes.  The  two  last  methods  are  almost 
identical.  Smears  are  made  and  stained  in  the  ordinary 
manner.  The  leucocytes  in  a  certain  number  of  fields  are 
then  counted,  parallel  counts  being  made  with  the 
Thoma-Zeiss  pipettes  and  counting-chamber.  This  is 
done  in  a  series  of  cases,  the  larger  the  better.  One  is  thus 
able  to  determine  the  arithmetical  relationship  between  the 
number  of  leucocytes  in  a  definite  area  of  the  smear  and 
the  actual  number  in  a  cubic  millimeter.  In  subsequent 
cases  the  number  per  cubic  millimeter  may  be  found  by 
multiplying  the  number  in  the  same  area  of  the  smear  by 
the  constant  factor  thus  obtained.  The  arithmetical  methods 
vary  in  detail  but  are  alike  in  principle. 

As  the  area  of  the  microscopical  field  varies  with  the 
instrument  used,  each  investigator  must  establish  his  own 
standards  by  a  series  of  parallel  smear-counts  and  Thoma- 
Zeiss  counts;  or  he  may,  within  certain  limits,  adjust  his 
field  to  correspond  with  that  of  a  previous  investigator  by 
varying  the  lenses  and  tube-length.  The  ruled  lines  on  the 
Thoma-Zeiss  slide  afford  a  convenient  micrometer  for  this 
purpose. 

As  to  the  accuracy  of  these  methods,  Einhorn  and  Laporte 
were  able,  in  three  to  five  minutes,  to  make  white  counts 
whose   errors,   compared   with    the    Thoma-Zeiss    method, 

•  Received  for  publication  April  x,  1907. 
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slide  and  cover-glass,  the  shaking  of  the  pipette,  and  the 
final  cleansing  of  the  apparatus  as  well  as  the  actual  count- 
ing and  reckoning.  It  did  not  include  the  time  used  in 
puncturing  the  ear  and  filling  the  pipette.  The  average  time 
with  the  Thoma  slide  was  fifteen  minutes;  with  the  Turk 
slide  ten  and  seven-tenths  minutes.  The  red  count  acquired 
an  average  of  twenty-six  minutes  in  the  first  twenty-five 
cases,  the  rule  being  to  count  three  hundred  small  squares 
in  two  drops.  In  the  remaining  cases  the  time  was  about 
seventeen  minutes,  the  rule  being  to  count  at  least  a  thou- 
sand cells  in  one  drop.  Certainly  the  Thoma-Zeiss  method  is 
not  particularly  difficult  or  time-consuming,  and  the  Turk 
slide  is  a  real  time-saver. 

With  smear-counts  the  results  were  certainly  disappoint- 
ing. They  varied  from  those  obtained  by  the  Thoma-Zeiss 
apparatus  all  the  way  from  sixty-six  per  cent  too  low  to  one 
hundred  and  thirty-nine  per  cent  too  high.  The  average 
error  was  thirty  per  cent  (average  plus  error  36  per  cent, 
average  minus  error  26  per  cent).  The  probable  error  was 
about  twenty-two  per  cent.  In  the  nine  cases  marked  in 
the  table  with  the  asterisk  the  error  was  such  as  to  have, 
considering  the  facts  of  the  individual  case,  considerable 
importance. 

In  accounting  for  these  great  errors  it  would  seem  proba- 
ble that  they  depended  upon  the  varying  thickness  of  the 
films.  It  also  appeared  possible  that  they  might  depend  to 
a  degree  on  variations  in  the  number  of  red  corpuscles  in  a 
unit  volume  of  blood,  for  in  selecting  favorable  fields  one 
naturally  judges  by  the  spreading  of  these,  the  most  numer- 
ous objects  in  the  smear.  If  this  were  so  one  would  expect 
to  find  the  whites  overestimated  in  cases  where  the  reds  are 
low  and  vice  versa.  Inspection  of  the  tables  shows  this  to 
be,  in  a  general  way,  the  case,  though  there  are  striking 
exceptions  in  both  directions.  This  being  so,  the  method, 
while  too  inaccurate  for  anemic  cases,  might  give  better 
results  if  restricted  to  those  where  the  reds  ate  normal. 
Accordingly,  Table  III.  was  made  up  of  those  cases,  twenty- 
five  in  number,  where  the  red  cells  were  between  four  and 
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Table  III. 
Non-anemic  cases. 
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six  million.  A  new  constant  (83.1)  was  estimated  and  the 
leucocyte  values  figured  accordingly.  The  results  are  only  a 
little  better  than  before.  The  average  error  is  twenty- four 
per  cent  (average  plus  error  25  per  cent,  average  minus  error 
23  per  cent)  instead  of  thirty.  The  individual  errors  are 
still  large  enough  to  stamp  the  method  as  worthless  even 
when  thus  restricted. 

In  order  to  test  the  accuracy  of  smear-counts  without 
reference  to  the  Thoma-Zeiss  method  as  a  standard,  counts 
by  the  method  in  question  were  repeated  in  ten  cases  where 
the  smears  had  been  preserved  (see  Table  IV.).  The 
variations  were  so  great  as  to  further  strengthen  the  case 
against  smear-counting. 
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Table  IV. 
Duplicate  smear-counts  on  ten  cases. 


Number  of 
Case. 

First  Smear- 
count. 

Second  Smear- 
count. 

Number  of 
Case. 

First  Smear- 
count. 

Second  Smear 
count. 

3 

4 

5 

6,829 
4,500 

21,495 
17,072 

7,838 

8,381 

5,122 

20,719 

31,583 
3,104 

6 

7 

8..- 

",795 

H,097 
7,294 
5,742 

28,557 

H,744 
6,130 

9,389 
2,949 

46,870 

The  average  time  for  making  a  smear- count  was  seven  and 
three-tenths  minutes,  which  is  to  be  compared  with  fifteen 
minutes,  the  average  for  the  Thoma-Zeiss  method,  and  ten 
and  seven-tenths  minutes  for  the  same  with  the  Turk  slide. 
This  time  (7.3  minutes)  includes  that  occupied  in  making 
the  arithmetical  calculations,  but  does  not  include  punctur- 
ing, spreading,  and  stainirtg,  since  that  is  generally  done  any- 
way for  valuable  information  other  than  that  relating  to  the 
number  of  leucocytes  pert:ubic  millimeter.  It  need  only  be 
said  that  the  time  needed  for  making  and  staining  a  smear  is 
several  times  as  great  as  that  required  for  filling  a  pipette. 
I  certainly  fail  to  see  the  justification  for  Einhorn  and 
Laporte's  recommendation  that  this  method  be  used  in  acute 
surgical  conditions  like  appendicitis  where  it  is  desirable  to 
determine  whether  the  leucocytes  are  rising  or  falling  from 
hour  to  hour,  since  it  is  in  just  such  circumstances  that  the 
greatest  accuracy  is  needed.  Moreover,  before  one  can  use 
this  method  he  must  undertake  a  considerable  piece  of 
research  to  determine  the  constant  for  his  own  microscope. 
Many  a  count  would  have  to  be  made  before  the  brief  three 
or  four  minutes  saved  on  each  one  would  amount  to  the  time 
thus  expended. 

The  method  of  estimating  leucocytes  by  simple  inspection 
of  a  stained  smear  without  counting  at  all  certainly  has  the 
advantage  of  simplicity  and  brevity.     Only  a  glance  at  a  few 


THE  ESTIMATION   OF   LEUCOCYTES.  235 

fields  is  needed.  Allowances  may  be  made  for  the  presence 
of  anemia,  for  the  thickness  of  the  smear,  and  for  other  vary- 
ing factors.  In  this  study  the  average  error  in  estimates  so 
made  was  thirty  per  cent  (average  plus  error  26  per  cent, 
average  minus  error  31  per  cent),  which  is  almost  exactly 
the  same  as  in  the  smear-counts  (see  Table  I.).  The  prob- 
able error  was  about  twenty-six  per  cent.  The  extreme  vari- 
ations from  the  Thoma-Zeiss  count  were  no  greater  than  they 
were  with  the  smear-counts,  nor  was  the  number  of  cases  in 
which  the  error  would  have  had  clinical  importance. 

Simple  inspection  of  the  smear,  then,  is  as  accurate  a  way 
to  judge  the  number  of  leucocytes  as  counting  fields.  It 
doubtless  requires  more  experience.  Certainly  it  is  not  for 
an  instant  to  be  thought  of  as  a  method  by  which  one  can 
save  himself  the  trouble  of  learning  the  technic  of  accurate 
counting. 

The  conclusion  seems  warranted  that  while  an  experienced 
investigator  can,  by  a  study  of  stained  smears,  often  make 
a  rough  approximation  as  to  the  presence  or  absence  of 
leucocytosis,  the  method  is  too  uncertain  for  use  even  in 
rough-and-ready  practical  work.  Smear-counts  give  no 
better  results  than  simple  inspection  and  save  but  little  time 
over  accurate  counts  with  the  pipette  and  counting-slide. 
There  is  a  real  saving  of  time  with  the  Turk  slide  as  com- 
pared with  the  Thoma. 
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REPORT  OF  A   CASE   OF   OIDIOMYCOSIS.* 

William  B.  Coley,  M.D.,  and  Martha  Tracy,  M.D., 

New  York. 

On  January  twenty-first,  1907, 1  saw,  in  consultation  with 
Dr.  Geo.  E.  Reed  of  Brooklyn,  a  patient  whose  history  is  as 
follows :  F.N.,  aet.  twenty-seven  years,  policeman  by  occupa- 
tion, of  unusual  physical  development  (six  feet  three  inches 
in  height;  weight,  two  hundred  and  seventy  pounds).  The 
man's  health  had  always  been  good ;  the  only  thing  in  the 
previous  history  that  might  possibly  have  some  bearing  upon 
the  etiology  was  the  fact  that,  while  bathing  in  the  early  part 
of  August,  he  cut  his  left  foot  with  a  clam  shell.  The  foot 
swelled  and  was  quite  painful  for  the  next  few  days,  without, 
however,  detaining  him  from  his  regular  work.  On  about 
the  first  of  December  he  was  taken  with  a  severe  attack  of 
pain  in  the  lumbar  region,  which  he  regarded  as  lumbago 
and  which  kept  him  confined  to  the  house.  Two  to  three 
days  later  he  began  to  have  severe  pain  in  the  dorsal  region 
of  the  left  foot,  which  became  markedly  swollen,  the  swelling 
apparently  starting  over  the  second  or  third  meta-tarsal  bone 
and  quickly  involving  the  entire  dorsum  of  the  foot;  after  a 
few  days  it  showed  signs  of  fluctuation,  and  at  the  end  of 
ten  days  a  small  sinus  appeared  between  the  great  and  sec- 
ond toes,  from  which  there  exuded  dirty  pus-like  material ; 
the  skin,  while  tense  and  distended,  was  not  reddened. 
About  a  week  later  a  similar  lesion  developed  on  the  dorsum 
of  the  other  foot  and,  on  the  outer  aspect  of  the  right  thigh, 
just  above  the  knee,  two  small  flat  papillary  tumors  appeared 
in  the  skin  itself.  These  were  irregularly  circular  in  shape, 
depressed  in  the  center,  with  indurated  edges,  slightly  elevated 
above  the  normal  skin.  They  became  quickly  covered  with 
crusts  which,  on  removal,  showed  a  small  collection  of  pus- 
like material  in  the  center.     The  patient  states  that  he  often 
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scratched  and  picked  around  these  ulcers  and  later  scratched 
his  face.  Whether  as  a  result  of  auto-inoculation  or  not, 
about  a  week  later  similar  small  papillary  tumors  developed 
in  the  face,  the  number  and  character  of  which  are  well 
shown  by  the  accompanying  cut.  The  lesions  upon  the  face 
were  larger  and  more  protuberant  than  those  just  described 
upon  the  thigh,  projecting  about  one-quarter  to  one-third  of 
an  inch  above  the  surrounding  surface ;  they  were  reddened 
and  indurated  at  the  base,  soft  in  the  center  and  quickly 
covered  by  thick  scabs  or  crusts.  These  could  be  easily 
picked  off  and  always  showed  underneath  a  few  drops  of 
yellowish  pus.  Almost  simultaneously  with  the  skin  lesions 
described,  there  developed  numerous  subcutaneous  tumors 
widely  distributed  over  various  parts  of  the  body,  but  chiefly 
in  the  thighs  and  arms.  These  tumors  varied  from  the  size 
of  a  hazelnut  to  that  of  a  small  egg;  they  always  began 
subcutaneously  or  in  the  deep  layer  of  the  skin,  appearing 
first  as  smooth,  spherical  tumors  of  moderately  firm  con- 
sistence, scarcely  raised  above  the  level  of  the  skin.  As 
after  a  few  days  they  increased  rapidly  in  size,  they  became 
much  more  protuberant,  the  skin  showed  attachment  in  the 
center;  they  soon  showed  signs  of  fluctuation  and,  after  a 
few  days,  the  entire  tumor  seemed  little  more  than  an  abscess 
cavity.  If  left  to  themselves  they  usually  broke  after  a  week 
or  ten  days,  discharging  a  dirty,  cream-colored  material. 
Coincidently  with  the  appearance  of  the  first  tumors,  the 
patient  began  to  have  a  dry  hacking  cough  which  is  almost 
constant  and  has  persisted  steadily  up  to  the  present  time, 
refusing  to  yield  to  any  form  of  treatment.  The  patient's 
general  health  deteriorated  very  rapidly ;  within  the  first 
three  weeks  he  lost  sixty  pounds  in  weight.  Two  weeks  after 
the  beginning  of  the  symptoms,  one  of  the  small  subcutane- 
ous tumors  was  removed  before  it  ruptured  and  microscopi- 
cal examination  was  made  by  Dr.  J.  M.  Van  Cott,  of  Brook- 
lyn, who  pronounced  it  giant-celled  sarcoma. 

The  patient  was  admitted  to  my  service  at  the  General 
Memorial  Hospital  on  January  twenty-third,  three  weeks 
after  the  beginning  of  the  disease  and  two  days  after  I  first 
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saw  him,  at  which  time  the  condition  was  as.  I  have  just 
described.  In  addition  to  the  two  superficial  papillary  skin 
lesions  on  the  right  thigh  as  mentioned,  there  were  five  or  six 
similar  lesions  in  the  face  and  about  twenty  of  the  subcu- 
taneous tumors  in  different  parts  of  the  body.  The  course 
of  the  disease  since  his  admission  to  the  hospital  has  been 
briefly  as  follows : 

Photographs  and  drawings  were  made  three  days  after  his 
admission,  or  at  the  end  of  the  third  week  of  the  disease. 
On  January  twenty-fifth,  after  carefully  sterilizing  the  skin 
and  under  all  possible  aseptic  precautions,  I  opened  several 
of  the  subcutaneous  tumors,  and  Dr.  S.  P.  Beebe,  of  the 
Huntington  Cancer  Research  Fund,  made  cultures  upon  a 
large  variety  of  media,  and  several  dogs  and  guinea-pigs 
were  inoculated  with  the  material.  As  none  of  the  culture 
tubes  showed  any  growth  at  the  end  of  four  days  they  were 
thrown  away.  A  section  of  the  wall  of  one  of  the  tumors 
was  examined  by  Dr.  James  Ewing,  and  although  the 
general  appearance  was  strikingly  like  that  of  a  giant-celled 
sarcoma,  one  or  two  round  bodies  characteristic  of  the 
blastomycosis  organism  were  found,  and  the  diagnosis  of 
blastomycosis  was  made.  In  the  opinion  of  Dr.  Ewing,  the 
giant-cells  were  more  like  foreign  body  giant-cells  than  those 
seen  in  sarcoma.  This  organism  is  of  much  slower  growth 
than  pyogenic  bacteria,  seldom  showing  growth  before  the 
fourth  day,  which  accounts  for  the  fact  that  our  previous 
cultures  were  considered  sterile.  I  thereupon  opened 
several  other  tumors,  also  the  large  swelling  upon  the  right 
foot  from  which  about  four  ounces  of  material  of  the  consist- 
ence of  cream,  but  much  darker  in  color  than  the  fluid 
removed  from  the  subcutaneous  tumors,  was  evacuated. 
New  cultures  were  made  by  Drs.  Beebe  and  Tracy  and  on 
about  the  fourth  day  they  began  to  show  pure  cultures  of 
the  organism.  The  accompanying  cuts  show  its  appearance 
at  different  stages  before  and  after  budding.  Animal 
inoculations  were  made  with  the  pure  cultures  with  the 
result  as  shown  by  Dr.  Tracy's  report : 
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PATHOLOGICAL  REPORT  BY  DR.  MARTHA  TRACY  OF  THE 
HUNTINGTON  CANCER  RESEARCH  LABORATORY,  GEN- 
ERAL MEMORIAL   HOSPITAL. 

The  tissue  sent  for  examination  was  cat  from  the  wall  of  a 
subcutaneous  abscess.  It  was  of  a  rather  pale  pink  color 
and  medium  firmness.  Fixation  was  in  Mtiller-formol  and 
staining  with  hematoxylin  and  eosin. 

Microscopic  examination  shows  tissue  composed  of  rather 
loose  stroma  and  abundant  round  cells.  Very  many  of  the 
cells  are  polynuclear  leucocytes.  Others,  less  numerous,  are 
larger,  more  or  less  epithelioid  in  type  with  large  vesicular 
nuclei.  Large  giant  cells  are  also  present.  These  are  par- 
ticularly abundant  in  a  section  from  the  original  abscess  in 
the  foot.  The  giant  cells  are  of  a  characteristic  type,  con- 
taining six  or  more  large  nuclei,  centrally  placed.  Many 
new  formed  blood  vessels  are  present,  and  here  and  there 
collections  of  free  red  blood  cells.  The  whole  appearance  is 
typical  of  an  active  inflammatory  reaction. 

Throughout  the  section,  and  often  within  giant  cells,  are 
seen  the  spherical  forms  of  the  oidiomyces.  The  bodies  are 
granular  and  their  nuclei  take  the  hematoxylin  stain.  They 
contain  refractile  points,  and  the  double  refractile  contour 
is  conspicuous.  Some  of  the  giant  cells  contain  four  or  more 
of  the  organisms  of  various  sizes. 

No  endogenous  cell  division  is  observed,  but  occasional 
budding  forms  are  seen. 

Sections  from  lesions  involving  the  skin  show  considerable 
dipping  down  into  the  corium  of  cords  of  epithelial  cells.  In 
sections  of  tissue  from  an  experimental  subcutaneous  lesion 
in  a  dog  the  microscopic  appearance  is  similar,  save  that  the 
giant  cells  are  less  numerous.  Rather  sharply  limited  aggre- 
gations of  leucocytes  are  noted,  about  the  periphery  of  which 
the  spherical  organisms  are  numerous.  Here  several  bud- 
ding forms  are  found. 

Pus  from  the  abscesses  in  moist  smears  show  very  many 
spherical  and  budding  forms  of  the  organism.  A  hanging 
drop   of   the    pus   in    physiological    salt    solution    showed 
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mycelial  growth  in  forty-eight  hours.  Smears  from  the  pus 
of  the  original  abscess  in  the  foot  and  from  the  secondary 
lesions  were  made  on  glycerine  agar,  glucose  agar,  and 
potato;  growth  was  evident  in  the  potato  tubes  and  in  the 
agar  tubes  of  alkalinity  +  8  (phenolphthalein)  after  four  to 
five  days.  In  tubes  slightly  more  alkaline  three  weeks 
elapsed  before  the  colonies  appeared.  After  the  first  appear- 
ance the  growth  was  quite  rapid  at  room  temperature.  The 
cultures  on  glucose  agar  were  somewhat  more  luxuriant  than 
those  on  glycerine  agar. 

The  appearance  of  the  growth  is  typical.  White,  pin- 
point raised  colonies  appear  which  increase  on  the  surface 
of  the  agar  and  extend  down  into  it  to  a  slight  extent.  The 
colonies  are  very  brittle,  and  mycelial  threads  are  thrown  out 
on  the  free  surface. 

Subcultures  grow  more  rapidly  than  did  the  original,  and 
seemed  but  slightly  retarded  by  low  temperatures,  even  that 
of  the  ice-chest. 

In  broth  the  growth  formed  a  semi-opaque  mobile  sphere 
of  the  size  of  a  walnut  in  a  month. 

Cultures  from  the  patient's  blood  were  negative. 

Rabbits,  guinea-pigs,  white  mice,  and  dogs  were  inoculated 
from  the  pus.  Only  two  of  the  animals  gave  positive 
results.  One  mouse  inoculated  intraperitoneally  died  of  gen- 
eralized infection  in  a  week.  Lesions  showing  the  organism 
in  the  sections  were  found  on  the  peritoneum,  in  the  liver,  and 
kidney.     Cultures  from  these  organs  failed  to  grow. 

One  dog  developed  subcutaneous  abscesses  resembling 
closely  the  secondary  lesions  in  the  patient.  From  the  pus 
the  organisms  were  successfully  grown  in  the  hanging  drop 
and  on  glucose  agar.' 

The  mycelial  formation,  which  took  place  in  all  the  cult- 
ures, determines  the  position  of  the  organism  in  the  class  of 
oidiomyces,  as  distinguished  from  the  blastomyces  or  true 
yeasts  which  multiply  only  by  budding. 

A  more  elaborate  culture  study  of  the  organism  has  not 
yet  been  completed. 
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Dr.  Bcebe  also  made  a  number  of  blood  cultures,  but  these 
were  found  uniformly  sterile. 

During  the  first  two  weeks  of  the  patient's  stay  at  the 
hospital,  while  the  possibility  of  the  condition  being  sarcoma 
was  entertained,  he  was  given  ten  injections  with  the  mixed 
toxins  of  erysipelas  and  Bacillus  prodigiosus;  the  highest 
dose  was  six  millimeters.     Only  moderate  reactions  followed, 
his  temperature  never  going  higher  than  io3°F.     He  had 
been  running  an  irregular  temperature  ever  since  his  trouble 
started,  same  ranging  from  970  to   1020  F.     After  the  diag- 
nosis of  blastomycosis  was  made  I  put  him  upon  large  doses 
of  iodide  of  potassium,  the  value  of  which  in  this  disease  has 
apparently  been  demonstrated  by  Bevan  and  Hyde  in  the 
group  of  cases  observed  in  or  about  Chicago.    The  dose  was 
increased  steadily,  until  he  was  receiving  two  hundred  and 
fifty  grains  a  day,  but  the  treatment  apparently  had  not  the 
slightest  effect  in  retarding  the  progress  of  the  disease.     The 
patient  continued  to  lose  weight  steadily,  new  lesions  con- 
tinually  appeared,  the   cough    persisted    and    hemoglobin 
rapidly   fell.     Examination  of  the  urine  at  the  time  of  en- 
trance showed  a  specific  gravity  of  1,030 ;  acid  reaction ;  clear 
amber  color;    a   trace   of  albumin.     There   have    been  no 
albumin  nor  casts  since.     The  specific  gravity  has  steadily 
fallen ;  the  last  examination  on  April  seventh  showed  1 ,008, 
straw  color,  no  albumin,  no  casts.     Frequent  examinations 
of  the  blood  have  been  made. 

Tbe  first,  January  24,  showed :  White  blood  cells 18,000 

Red  blood  cells 4,000,900 

Hemoglobin 85-90  per  cent 

January  27 :  White  blood  cells 18,200 

Polynnclear 75  per  cent 

Small  lymphocytes 20  per  cent 

Large  lymphocytes 3  per  cent 

Eosinophiles I  per  cent 

Giant  cells 4  per  cent 

'J  wo  </tber  counts  made  the  same  day  showed  practically  the  same  result 

r>U<,ary4J  White  Wood  cells \oflao 

Ked  Mood  cells 3/10^840 

HemogloMn 75  per  cent 
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February  16:  White  blood  cells 31,000 

Red  blood  cells 3480,000. 

Hemoglobin 5°~55  Per  cent 

Polymorphous 76  per  cent 

Small  lymphocytes 21  per  cent 

Large  lymphocytes         3  per  cent 

February  26:  Red  blood  cells 3,000,160 

Hemoglobin 55  per  cent 

White  blood  cells 21,800 

Lymphocytes 9  per  cent 

Mast  cells 1  per  cent 

March  23,  1907:  There  is  a  marked  decrease  in  the  num- 
ber of  red  blood  cells  and  hemoglobin  and  a  great  increase 
in  the  polynuclear  cells : 

Red  blood  cells 2,000,250 

Hemoglobin 3°-35  per  cent 

White  blood  cells 30,000 

Polynuclear       92  per  cent 

Small  lymphocytes 5  per  cent 

Large 2  per  cent 

Mast  cell i  per  cent 

The  temperature  at  this  time  ranged  between  97. 8°  F.  and 
I02.8°F.     Some   days,   however,    it   would    not   rise  above 

995°  F. 

As  the  patient's  condition  had  been  steadily  getting  worse 
under  the  iodides,  they  were  discontinued  on  April  first  and, 
purely  as  a  matter  of  experiment,  the  toxins  resumed,  one 
minim  being  given  on  April  first  and  the  dose  has  been 
increased  by  one  minim  a  day  since. 


On  April  3  the  blood  count  shows :  Red  blood  cells       .     .     , 

,     .            3f240»«» 

.    .                       40 

White  blood  cells   .     . 

.     .                 24,400 

Small  lymphocytes      .     , 

7  per  cent 

Large  lymphocytes 

.    .           2  per  cent 

being  a  considerable  improvement  over  the  previous  exam- 
ination. 

At   present,  April   eighth,   he   has   sixty-five   tumors   or 
lesions  distributed  throughout  the  body  as  follows  :  Face  and 
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neck,  fifteen,  thirteen  of  which  have  been  opened ;  abdomen, 
seven,  four  opened  and  curetted ;  legs  and  thighs,  twenty- 
four,  of  which  twenty-two  have  been  opened  and  curetted ; 
arms,  eleven,  eight  opened ;  chest,  two ;  back,  six,  two  of 
which  have  been  opened.  The  largest  one  of  all  of  these, 
excepting  the  lesion  in  the  dorsal  region  of  the  foot,  is  one 
that  has  recently  formed  over  the  sternum,  being  about  the 
size  of  a  goose  egg.  It  has  already  softened  and  will  be 
opened  shortly.  The  lesions  upon  the  face  have  nearly  dis- 
appeared under  the  treatment  with  carbolic  acid,  three  to 
four  applications  having  been  made  in  the  following  manner : 
a  saturated  solution  of  Schering's  carbolic  was  applied  by 
means  of  cotton  to  the  face  lesions,  the  acid  being  allowed 
to  remain  for  one  minute,  then  the  effect  was  counteracted 
by  alcohol.  The  skin  lesions  have  almost  entirely  dis- 
appeared, leaving,  however,  well-marked  reddened  scars. 

The  site  of  the  initial  lesion  in  this  case  was,  to  my  mind, 
very  probably  the  lungs,  although  there  is  a  possibility  of 
the  infection's  having  entered  the  blood  current  through  the 
wound  in  the  foot  in  August,  starting  a  primary  lesion  in 
the  lung,  from  which  the  general  infection  spread. 

A  careful  study  of  the  cases  of  so-called  blastomycosis  thus 
far  reported,  as  well  as  those  of  coccidioidal  granuloma,  leads 
me  to  believe  that  clinically  my  own  case  belongs  to  the 
latter  rather  than  to  the  blastomycosis  group.  The  latest 
paper  on  this  subject  is  that  of  Philip  King  Brown  of  San 
Francisco  (in  the  March  second,  1907,  issue  of  the  Jour,  of 
the  Am.  Med.  Ass'n)  containing  a  very  complete  report  of 
one  case  of  his  own,  two  additional,  one  very  complete,  the 
other  somewhat  doubtful,  together  with  a  summary  of  six- 
teen previously  published  •  cases.  The  clinical  history  and 
course  of  the  disease  in  my  own  is  strikingly  identical  with 
that  of  the  case  so  fully  reported  by  Brown.  In  his,  as  in 
my  own,  the  subcutaneous  swellings  were  primary  and  the 
c -*-ar.*ou*  lesions  secondary  and  unimportant.  In  his  there 
w*\  a  large  swelling  over  the  dorsum  of  the  right  hand,  while 
rt  v..Ts+  *.ht  dorsum  of  the  foot  was  affected.     In  both 
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there  was  absence  of  glandular  swelling.  There  was  no  red- 
ness, or  tenderness  or  edema  of  the  overlying  skin.  The 
cutaneous  lesions  were  likewise  identical,  beginning  with 
papillae,  rapidly  developing  into  papillary  tumors,  circular  in 
shape  and  covered  with  crusts.  In  Brown's  case  the  range 
of  temperature  is  practically  the  same  as  in  my  own,  990  F. 
in  the  morning,  often  running  to  102-30  F.  in  the  evening. 
The  blood  examinations  in  his  case,  likewise,  were  similar  to 
mine,  being: 

Reds       2,500,000 

Whites 13*000 

Polymorphonuclears 79  per  cent 

Small 17  per  cent 

Large 2  per  cent 

Eosinophils    .          2  per  cent 

Hemoglobin ' 50  per  cent 

In  addition,  Dr.  Mary  Halton,  of  San  Francisco,  who  made 
the  autopsy  in  Dr.  Brown's  case  and  had  an  opportunity  of 
studying  the  cultures,  has  just  made  a  careful  examination  of 
our  own  slides  and  cultures  and  pronounced  them  identical 
with  those  of  Brown's  case. 

Our  cultures  and  slides  were  submitted  to  Dr.  Welch,  of 
Johns  Hopkins,  who  is  unwilling  to  state  definitely  whether 
the  organism  is  of  the  coccidioidal  or  blastomycotic  type. 
He  says  that  the  two  modes  of  multiplication  of  the  tissues  is 
the  chief  distinguishing  mark  between  the  San  Joaquin  Val- 
ley parasite  arid  that  observed  in  other  parts  of  this  country 
(except  Wolbach's  case  in  Boston,  which  is  coccidioidal). 
He  adds  that  it  would  be  interesting  (and  may  be  true)  if 
both  forms  of  the  parasite  produce  identical  lesions  and 
symptoms,  in  certain  cases,  although  he  was  under  the 
impression  that  the  coccidioidal  disease  was  more  like  tuber- 
culosis. In  the  specimens  which  he  had  seen  of  the  coccid- 
ioidal- disease  the  internal  lesions  were  astonishingly  like 
tuberculosis. 

Specimens  of  our  case  have  been  recently  sent  to  Wm. 
Ophiils,  of  San  Francisco,  as  the  highest  authority  on  the 
subject.     Up  to  the  present  time  I  believe  that  no  cases  of 
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coccidioidal  granuloma  have  been  described  in  people  who 
had  not  been  in  California,  except  the  very  first  case  observed 
by  Wernicke  (Centralbl.  f.  Bact.,  1892)  and  the  case  of 
Wolbach  of  Boston.  The  first  case  in  California  was 
described  by  Rixford  (Occidental  Med.  Times,  1894,  viii, 
326).  Another  similar  one  under  the  care  of  Drs.  Thome 
and  Robinson  (Thorne — Occidental  Med.  Times,  viii,  703) 
was  seen  by  him  the  same  year. 

Thus  far  there  have  been  reported  forty-two  cases  of 
blastomycosis  or  blastomycotic  dermatis,  of  which  thirty-two 
were  local  and  ten  disseminated.  Of  coccidioidal  granuloma 
or  oidiomycosis' there  have  been  eighteen  cases  reported. 

As  to  the  supposed  distinguishing  features  between  the 
two  groups  of  cases,  it  may  be  said  that  coccidioidal  granu- 
loma is  almost  invariably  progressive,  with  marked  tendency 
to  generalization  by  blood  and  lymph,  the  secondary  skin 
lesions  being  due  to  emboli.  Generalized  infection  is  the 
rule.  Only  one  patient  is  known  positively  to  be  alive.  In 
this  case  the  primary  lesion  was  in  the  foot,  which  was 
promptly  amputated.  In  these  cases,  iodide  of  potassium  is 
practically  of  no  benefit. 

In  cases  of  blastomycosis,  the  disease  is  usually  local  and 
progress  is  slow,  and  the  tendency  to  generalization  slight. 
Thus  far  there  has  been  observed  only  one  case  with  gen- 
eralization, which  died,  although  iodide  of  potassium  had 
been  followed  by  improvement. 

In  the  cases  of  coccidioidal  granuloma,  the  site  of  the 
initial  lesion  was  in  the  skin  in  five ;  internal  (chiefly  lungs) 
in  twelve;  unknown,  one. 

As  regards  the  residence  of  the  eighteen  cases  so  far 
reported,  fourteen  are  positively  known  to  have  resided  in 
the  San  Joaquin  Valley ;  one,  negative ;  three,  the  place  of 
residence  is  not  known. 

Dr.  James  Ewing,  professor  of  pathology  at  Cornell 
University,  who  has  made  a  careful  study  of  the  organism 
as  well  as  the  sections  from  the  tumors,  from  our  case 
expresses  his  opinion  as  to  its  nature,  as  follows: 
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"  It  is  impossible  in  our  present  state  of  knowledge  to  give 
the  final  classification  of  the  organism  in  this  case ;  it  can 
only  be  done  in  a  general  way.  The  three  groups  among 
which  it  lies  are  the  blastomycetes,  the  oidia,  and  the  hypho- 
mycetes.  The  blastomycetes  possess  large  cells  with  definite 
membranes.  They  multiply  by  budding,  and  never  produce 
mycelia.  Your  organism  has  a  definite  membrane,  but  pro- 
duces abundant  mycelium  and  hence  is  not  a  blastomyces. 
The  hyphomycetes  produce  mycelia,  and  hyphae  and  spor- 
angia. Your  organism  has  no  sporangia  and  hence  is  not  in 
this  class.  The  oidia  lie  between  these  classes,  as  they  mul- 
tiply by  budding  and  produce  mycelia.  Your  organism 
multiplies  by  budding  in  the  tissues  and  produces  abundant 
mycelium  in  cultures.  Sporangia  have  not  yet  been 
observed  in  it.  Some  organisms  of  this  group  produce 
very  little  mycelium  in  cultures  and  that  very  slowly.  There 
seem  to  be  a  great  many  species  in  the  group,  some  in  which 
budding  is  more  prominent,  others  in  which  mycelium  for- 
mation is  more  pronounced.  Unfortunately,  these  characters 
are  not  stable,  hence  the  difficulty  of  classification.  There- 
fore Ricketts  makes  three  classes,  (1)  Blastomycetoid,  (2) 
Oidium-like,  (3)   Hyphomycetoid. 

"  Wolbach's  organism  is  peculiar  in  that  it  does  not  bud  in 
tissues,  but  multiplies  by  endogenous  sporulation  producing 
large  cysts  with  many  spores.  Nevertheless,  it  produces 
mycelia  and  sporangia  in  cultures.  It  is,  therefore,  hypho- 
mycetoid. Your  organism  is  quite  different  from  Wolbach's, 
producing  no  endogenous  spores,  budding  freely,  but  not,  so 
far,  producing  sporangia.  It  may,  therefore,  be  placed  for 
the  present  in  the  intermediate  group  of  true  oidia.  Much 
further  study  will  be  required  before  it  can  be  finally 
classified. 

"  April  25,  '07  :  The  patient  has  grown  worse  very  rapidly 
since  the  last  note,  and  will  probably  not  live  longer  than  one 
or  two  weeks.  A  large  number  of  new  tumors  have  developed , 
and  there  has  been  a  recrudescence  of  those  upon  his  face. 
A  purulent  discharge  from  the  rectum  shows  the  organism, 
also  the  sputum." 
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Copy  of  Dr.  W.  Ophiils'  report : 

San  Francisco,  Cal.,  April  n,  '07. 

Blastomycosis  case. —  "In  the  sections  the  organism  is 
considerably  smaller  than  the  one  which  we  find  in  California. 
As  you  say  they  show  budding  and  no  endosporulation.  The 
macroscopic  appearance  of  the  culture  is  exactly  like  that  of 
the  organism  of  the  coccidioidal  granuloma,  but  microscop- 
ically this  also  shows  some  differences.  The  tryphae  show 
lateral  budding  in  places  which  I  have  never  observed  in  my 
cultures,  there  are  many  spherical  and  pear-shaped  bodies 
which  also  do  not  occur  in  them,  and  there  is  complete  absence 
of  the  peculiar  angular  spores.  These  latter,  however,  do  not 
form  in  all  cultures. 

11  On  the  whole,  the  organism  is  more  like  some  of  those 
described  from  Chicago.  I  believe,  however,  with  Ricketts, 
that  all  these  organisms  belong  to  the  same  group.  It  may 
be  preferable  to  classify  them  with  the  blastomycetes  rather 
than  with  the  oidia  as  Ricketts  does." 

[Thanks  are  due  to  Dr.  William  J.  Elser  and  Dr.  Frank  M.  Huntoon 
for  the  successful  cultivation  of  the  organism  and  for  permission  to  report 
their  results,  and  to  Dr.  D.  H.  M.  Gillespie  for  careful  search  of  the  litera- 
ture of  the  subject.] 

April  6,  1907. 
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EXPLANATION  OF  PLATES. 

Plate  XVIII. 

Fig.  1 .  —  Low  power  appearance  of  section  of  granulation  tissue  from 
abscess  wall.  Many  giant  cells  containing  blastomyces.  Camera  lucida, 
X500. 

Figs.  2,  3,  4,  5.  —  Giant  cells  from  blastomycetic  granulation  tissue  — 
abscess  wall.  One  to  very  many  spherical  organisms  within  the  cells. 
Camera  lucida,  x  1,000. 

Fig.  6.  — Showing  development  from  spherical  forms  to  long  mycelial 
threads.     Hanging  drop  preparation.     Camera  lucida,  x  1,400. 

Plate  XIX. 
Views  of  some  of  the  6kin  lesions. 

Plate  XX. 

Fig.  1. — Blastomyces  in  giant  cell,    x  1,000. 
Fig.  2.  — Blastomycetic  granulation  tissue,    x  180. 


journal  of  Medical  Research. 


vol.  XVI.  Plate  XVIII. 


£ 


Journal  of  Medical  Research, 


Vol.  XVI.  Plate  XIX. 


%. 


Journal  of  Medical  Research.  Vol  XVI.  Plate  XX. 


ABSORPTION   FROM   THE  PERITONEAL  CAVITY.* 

Part  VIII.  —  Absorption  of  typhoid  bacilli  in  the 

IMMUNE  ANIMAL. 
B.  H.  Buxton. 

(Department  of  Experimented  Pathology y  Loomis  Laboratory,  Cornell  University 

Medical  College,  New  York  City.) 

For  the  purposes  of  this  investigation  rabbits  were  immu- 
nized with  cultures  of  typhoid  bacilli  previously  killed  by 
heating  to  6o°  C.  for  one  hour.  The  immunizing  injections 
were  at  first  made  intraperitoneally,  but  it  was  soon  found 
that  by  this  method  a  subacute  to  chronic  inflammatory  pro- 
cess was  set  up  in  the  peritoneal  cavity  which  afforded  a  non- 
specific protection.  The  immunizing  inoculations  were  then 
made  subcutaneously  or  intravenously,  and  after  five  cultures 
subcutaneously,  or  four  or  five  inoculations  of  small  doses 
intravenously,  the  rabbits  were  inoculated  intraperitoneally 
with  living  typhoid  bacilli,  and  treated  according  to  the 
methods  described  in  previous  sections  of  this  work.  Rabbits 
thus  immunized,  however,  showed  such  slight  differences 
from  the  normal  animals  that  it  was  supposed  they  had  not 
been  sufficiently  treated,  and  the  immunization  for  the  next 
series  of  rabbits  was  extended  over  a  longer  period.  The 
animals  dealt  with  in  the  following,  tables,  and  marked  S.C. 
in  the  first  column,  received  altogether  ten  killed  cultures  of 
typhoid  bacilli  subcutaneously,  fifteen  inoculations  being 
given,  extended  over  a  period  of  fifteen  weeks.  For  the 
first  ten  weeks  one-half  of  a  culture  was  inoculated  each 
week,  and  during  the  last  five  weeks  one  culture  each  week. 
Nine  or  ten  days  after  the  last  inoculation  the  rabbits 
received  intraperitoneally  one-half  of  a  culture  of  living 
typhoid  bacilli  and  were  then  sacrificed  at  varying  intervals. 

The  rabbits  marked  S.C.  and  I.V.  in  the  first  columns  of 
the  Tables  I.  to  VIII.  were  treated  in  precisely  the  same  way, 
except  that  instead  of  receiving  five  subcutaneous  inocula- 
tions of  a  whole  culture  each  time,  they  received,  for  the  last 

*  Received  for  publication  April  8, 1907. 
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five  doses,  intravenous  inoculations  of  about  one-eighth  to 
one-tenth  of  a  culture  each  week.  It  was  found  that  this 
dose  was  about  as  much  as  the  animals  could- stand  intrave- 
nously. 

METHODS.  —  The  methods  followed  in  carrying  out  these 
experiments  have  been  described  in  detail  in  previous  com- 
munications, but  may  be  briefly  recalled  at  this  point. 

Dose.  —  Intraperitoneally.  One-half  of  a  culture  of  living 
typhoid  bacilli,  estimated  at  about  four  to  five  thousand 
millions    of  bacilli. 

Bleeding.  — At  varying  intervals  after  the  intraperitoneal 
inoculation  the  rabbit  is  bled  to  death  from  the  carotid,  one 
cubic  centimeter  of  blood  being  run  into  one  cubic  centi- 
meter of  bile,  the  rest  of  the  blood  allowed  to  run  into  tubes, 
and  the  serum  collected  next  morning.  The  bile-blood 
mixture  is  plated  out  in  fractions  and  the  number  of  bacilli 
per  cubic  centimeter  estimated  from  the  colonies. 

WASHING  OUT.  —  The  peritoneal  cavity  is  washed  out 
with  four  hundred  cubic  centimeters  of  salt  solution  and, 
from  dilutions  of  the  wash  water,  plates  are  made  from  which 
the  number  of  bacilli  remaining  alive  and  free  in  the  cavity 
is  estimated. 

ORGANS.  — The  spleen  is  taken  as  a  unit  and  rubbed  down 
in  fifteen  cubic  centimeters  of  salt  solution.  Portions  of  the 
same  size  as  the  spleen  are  taken  of  the  liver,  lung,  and 
kidney,  and  each  rubbed  down  in  the  same  way.  The 
marrow  of  one  thigh  bone  is  also  taken  out  and  rubbed 
down.  One  cubic  centimeter  of  each  of  these  pulps  is  plated 
out,  and  the  number  of  colonies  on  the  plates  is  given  in  the 
tables.  In  the  tables  the  results  with  lung  and  kidney  have 
been  omitted  since  they  do  not  present  any  points  of  special 
interest.  The  liver  and  spleen  are  the  best  indicators  of  the 
extent   to   which  the   organism   has   been   invaded  by   the 
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bacilli.  The  two  upper  anterior  mediastinal  lymph  nodes 
are  picked  out  &nd  rubbed  down  in  fifteen  cubic  centimeters 
of  salt  solution.  Fractions  of  the  suspension  are  plated  out 
and  from  the  colonies  an  estimate  is  made  of  the  number  of 
bacilli  in  the  nodes,  the  estimated  totals  being  given  in  the 
tables. 

Six  immune  rabbits  were  sacrificed  at  each  interval  of  time 
chosen,  and  the  results  are  recorded  in  Tables  I.  to  VIII., 
the  figures  for  the  spleen  being  taken  to  determine  the  posi- 
tion of  each  rabbit  in  the  table.  It  will  be  observed  that 
when  the  figures  are  high  for  the  spleen  they  are  also  high 
for  the  other  organs.  This  general  rule  obtained  also  for 
the  normal  animals  discussed  in  Part  III.  An  apology  is 
perhaps  due  for  the  large  number  of  tables  appended,  but  it 
seemed  desirable  to  present  as  clearly  as  possible  the  con- 
siderable amount  of  material  gathered,  before  attempting  to 
discuss  the  significance  of  the  results  obtained. 

Explanation  of  Headings  in  Tables  I.  to  VIII. — 

Column  1.  The  inoculations.  Subcutaneous  throughout,  or 
subcutaneous  followed  by  intravenous,  as  already  explained. 

Column  2.     The  weight  of  the  rabbit. 

Column  3.  Peritoneal  wash.  The  estimated  total  number 
of  bacilli  alive  and  free  in  the  peritoneal  cavity. 

Columns  4,  5,  6.  The  number  of  colonies  on  the  spleen, 
liver,  and  marrow  plates,  respectively. 

Column  8.  The  estimated  total  number  of  bacilli  per 
cubic  centimeter  in  the  blood. 

Column  9.  The  bactericidal  power  of  the  fresh  serum. 
Fresh  normal  rabbit  serum  will  kill  about  one  million  typhoid 
bacilli  per  cubic  centimeter.  As  a  rabbit  becomes  highly 
immunized  its  serum  loses  all  bactericidal  power.  Column 
9  shows  that  in  almost  every  instance  the  fresh  serum  of  the 
immunized  rabbits  has  no  bacteriolytic  properties,  thus 
indicating  a  high  degree  of  immunity.  The  exceptions  lie 
altogether  among  those  rabbits  which  received  subcutaneous 
inoculations  throughout. 

Column  10.     The  agglutinating  value  of  the  serum  varies 
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within  wide  limits,  ranging  from  I  to  2,500  up  to  1  to  50,000, 
but  for  the  most  part  is  about  1  to  10,000. 

Comments  on  Tables  I.  to  VIII.  —  Although,  as  with  the 

normal  animals  previously  tested,  there  is  great  irregularity 
from  one  rabbit  to  another,  yet  it  is  obvious  that  in 
generality  there  is  an  immediate  and  overwhelming  rush  of 
bacilli  throughout  the  organs,  to  which  they  are  carried  by 
the  circulation.  In  one  hour  there  is  a  very  marked  decline 
in  the  numbers  in  the  organs  followed  thereafter  by  a  more 
gradual  decrease,  until  in  forty-eight  hours  there  are  very 
few  bacilli  left  alive. 

Tables  IX.  to  XIII.  show  the  numbers  of  bacilli  in  the 
individual  organs  at  different  intervals.  There  is  at  first  a 
tendency  towards  a  greater  deposition  in  the  liver  than  in 
the  spleen.  After  four  and  six  hours  there  is  very  little 
difference  and  by  sixteen  hours  the  positions  of  the  two 
organs  are  reversed,  the  spleen  now  containing  relatively  far 
more  bacilli  than  the  liver.  The  decrease  in  the  spleen  is 
comparatively  slow,  and  even  in  forty-eight  hours  the  organ 
contains  a  considerable  number  of  bacilli. 

In  the  case  of  the  blood  (Table  XI.)  the  decline  after  the 
initial  rush  is  very  rapid,  the  bacilli  having  practically 
disappeared  in  twenty-four  hours. 

The  mediastinal  lymph  nodes  (Table  XII.),  through 
which  the  bacilli  pass  on  their  way  to  the  circulation,  show 
some  analogy  to  the  figures  for  the  spleen,  the  decrease 
being  gradual  and  the  nodes  still  containing  large  numbers 
of  bacilli  in  forty-eight  hours. 

The  bacilli  left  alive  in  the  peritoneal  cavity,  Table  XIII., 
show  a  decrease  somewhat  analogous  to  that  which  takes 
place  in  the  liver.  There  appears  to  be  no  tendency  towards 
a  progressive  peritonitis,  and  the  difficulty  of  setting  up  a 
localized  peritonitis  in  the  experimental  animal  has  often 
been  remarked  upon. 

Table  XIV.  Averages.  —  Since  there  is  so  much  irregu- 
larity in  the  numbers  of  bacilli  from  one  animal  to  another, 


L 


ABSORPTION   FROM   THE  PERITONEAL  CAVITY.         255 

a  table  of  averages  is  not  of  much  value,  but  by  leaving  out 
the  first  rabbit  in  each  table,  as  representing  an  exceptionally 
large  number,  and  the  last  as  representing  an  exceptionally 
small  number  of  bacilli,  an  average  can  be  struck  from  the 
middle  four  rabbits  which  affords  approximately  an  idea 
of  the  results  one  may  ordinarily  expect.  Such  averages 
worked  out  to  round  numbers  are  given  in  Table  XIV.,  and 
from  this  table  it  can  be  seen  at  a  glance  how  rapidly  and 
progressively  the  bacilli  disappear  from  the  blood,  liver,  and 
peritoneal  cavity,  whereas  in  the  spleen  and  lymph  nodes  the 
decline  is  much  more  gradual.  It  appears  that  there  is  a 
tendency  towards  accumulation  of  the  bacilli  in  the  lymph- 
oid organs.  So  far  as  the  lymph  nodes  are  concerned,  there 
seems  to  be  a  tendency  towards  increase  of  the  bacilli  in  four 
and  six  hours  over  the  figures  for  one  and  two  hours.  This 
increase  can  probably  be  accounted  for  by  supposing  that 
the  bacilli  at  .first  are  able  to  pass  through  the  lymph  nodes 
without  much  opposition,  but  after  a  few  hours  the  nodes 
have  become  awakened  to  activity,  the  sinuses  are  filled  with 
phagocytes  and  thereafter  they  are  better  able  to  intercept 
further  supplies  of  bacilli  from  the  peritoneal  cavity. 

Comparison    with    the    normal    animal.  —  It  is  a 

remarkable  fact  that  all  the  above  remarks  on  the  immunized 
apply  equally  well  to  the  normal  rabbit,  with  the  exception 
of  the  fate  of  the  bacilli  in  the  peritoneal  cavity  itself.  This 
exception  will  be  discussed  later,  but  an  examination  of 
Tables  XV.  to  XVIII.,  giving  comparisons  between  the 
normal  and  immune  rabbits,  so  far  as  regards  the  spleen  and 
liver,  show  that  there  is  no  difference  whatever  in  kind,  and 
practically  no  difference  in  degree  of  bacteriolysis.  The 
numbers  of  bacilli  found  in  the  spleen  and  liver  of  the 
immunized  animal  appear  to  be  on  the  whole  somewhat 
greater  than  in  the  normal  one,  but  it  must  be  noted  that  the 
spleen  of  the  immunized  animal  is  almost  always  larger  than 
normal,  and  since  the  spleen  is  taken  as  the  unit  of  size,  the 
portions  of  liver  taken  from  the  immunized  rabbit  would 
also  be  somewhat  larger  than  those  from  the  normal  one. 
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Allowing  for  this  difference  in  the  size  of  the  pieces  taken, 
there  would  probably  be  no  appreciable  difference  in  the 
figures  whatever.  There  appears,  however,  in  the  immu- 
nized animal  to  be  a  slightly  greater  tendency  towards  an 
accumulation  of  the  bacilli  in  the  spleen,  and  a  correspond- 
ingly more  rapid  depletion  of  the  liver  than  is  the  case  with 
normal  rabbits. 

General  discussion.  —  It  has  become  obvious  in  the 
course  of  these  experiments  that  the  bacteriolysis  is  no  greater 
in  the  immune  than  in  the  normal  animal,  yet  the  immunized 
rabbit  is  certainly  on  the  whole  better  protected  against  infec- 
tion by  living  typhoid  bacilli  than  the  normal  rabbit. 

Relative  susceptibility  of  the  normal  and  immu- 
nized RABBITS.  —  Among  the  normal  rabbits  the  mortality 
has  been  about  fifteen  per  cent,  but  of  seventy-five  immunized 
rabbits  only  two  succumbed  to  the  final  intraperitoneal 
injection.  One,  an  Angora  rabbit,  died  suddenly  in  con- 
vulsions about  one  hour  and  a  half  after  the  inoculation. 
Angora  rabbits  are  delicate  animals  and  with  this  exception 
have  not  been  used.  The  second  was  a  small  rabbit  which 
did  not  thrive  and  was  sacrificed  six  hours  after  the  inocula- 
tion when  in  a  moribund  condition.  It  was  found  to  be 
swarming  with  bacilli  and  the  results  are  not  included  in  the 
tables.  A  few  of  the  immunized  rabbits  showed  an  initial 
drop  in  temperature,  followed  by  a  rise,  but  the  great 
majority  were  not  affected  in  the  least.  On  the  other  hand, 
with  the  normal  animals  the  initial  drop  accompanied  by 
obvious  ill  effects  was  the  rule. 

THE  ENDOTOXINS.  —  Since  the  immunized  animal  is  not 
specially  or  specifically  bacteriolytic,  it  might  be  supposed 
that  the  immunity  resides  in  increased  tolerance  to  the  toxic 
products  of  the  bacilli,  but  this  explanation  is  negatived  by 
the  fact  that  rabbits  do  not  become  more  tolerant  to  killed 
bacilli  inoculated  intravenously,  although  occasionally  there 
may  appear   to  be    a   slightly   increased    resistance.     It   is, 
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however,  difficult  to  judge  of  this  point,  since  both  normal 
and  immunized  rabbits  vary  greatly  in  their  susceptibility. 

After  the  usual  intravenous  inoculation  of  one-eighth  to 
one-tenth  of  a  killed  culture  the  rabbit  becomes  very  sick 
in  about  an  hour  and  a  half.  It  may  then  die  suddenly  in 
convulsions,  or  it  may  become  semicomatose  and  linger  for 
a  few  hours  until  death  ensues.  Death,  however,  is  excep- 
tional, and  in  the  great  majority  of  cases  there  is  rapid 
recovery,  the  animal  appearing  to  be  quite  well  again  in  a 
few  hours.  Now  these  symptoms  occur  in  the  rabbit  which 
has  already  received  several  similar  injections,  just  as  with 
one  which  has  not  been  injected  previously.  The  indications 
are  that  the  dead  bacilli  are  rapidly  broken  up  with  libera- 
tion of  endotoxins,  which  then  act  upon  certain  susceptible 
nerve  centers,  and  the  nerve  centers  of  the  immunized  rabbit 
appear  to  be  nearly  if  not  quite  as  susceptible  as  those  of 
the  normal  one.  The  fact  that  in  the  immunized  animal 
there  is  little  or  no  increased  tolerance  to  endotoxins  seems 
to  be  very  generally  recognized  by  those  who  have  studied 
the  subject  in  detail.  Pfeiffer  and  Wolff,  among  numbers  of 
other  authors,  hold  to  this  view  very  strongly. 

Vaughan,  indeed,  has  succeeded  in  separating  a  toxic 
principle  of  the  colon  bacillus  from  the  bacterial  substance, 
and  finds  that  guinea-pigs,  carefully  immunized  with  the 
extract,  acquire  some  tolerance  to  the  toxin.  But  the  toler- 
ance is  not  marked,  and,  moreover,  it  is  doubtful  how  far 
Vaughan's  toxins,  extracted  by  rather  drastic  methods,  are 
comparable  with  the  endotoxins  as  they  exist  in  the  bacilli 
themselves. 

It  seems  probable  that  the  increased  resistance  to  living 
cultures  of  the  immunized  rabbit  is  mainly,  if  not  entirely, 
due  to  the  increased  phagocytic  power  of  its  wandering 
cells,  both  macrophages  and  microphages,  but  principally 
the  former. 

PHAGOCYTOSIS  BY  MACROPHAGES.  —  The  normal  peri- 
toneal cavity  contains  few  or  no  polynuclear  cells,  except  of 
the  feebly  phagocytic  eosinophile  type.     But  there  are  great 
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numbers  of  large  mononuclear  cells  present  in  the  fluid,  and 
it  is  these  cells  which  are  primarily  active  in  disposing  of 
foreign  matter,  such  as  bacilli,  introduced  into  the  peritoneal 
cavity.  The  macrophages  immediately  take  up  large  num- 
bers of  bacilli,  and  are  carried  with  their  burden  to  the 
omentum,  upon  which  they  are  caught  up  and  into  the  tissues 
of  which  they  gradually  penetrate.  But  apart  from  the 
macrophages  floating  free  in  the  cavity,  there  are  a  vast 
number  of  them  in  the  milky  spots  of  the  omentum  itself 
(Parts  IV.  and  V.).  These  macrophages  of  the  milky  spots 
are  found  almost  immediately  after  injection  to  contain  large 
quantities  of  bacilli,  and  the  only  reasonable  explanation  of 
this  phenomenon  seems  to  be  that  the  cells  send  out  into  the 
cavity  long  protoplasmic  processes  ( pseudopods) ,  which 
waving  free  in  the  fluid  pick  up  the  bacilli  and  withdraw  them 
into  the  tissues  of  the  milky  spots  (see  Part  V.). 

The  best  time  for  examination  of  the  omentum  is  within  a 
few  minutes  after  the  intraperitoneal  injection,  when  both  the 
macrophages  on  the  surface  and  those  in  the  milky  spots  are 
found  to  be  filled  with  still  intact  bacilli.  Later  on  the 
bacilli  usually  become  pale  staining  and  granular,  more  par- 
ticularly in  the  cells  of  the  milky  spots,  and  the  picture 
presented  is  not  so  clear.  When  examined  at  this  early 
stage  after  inoculation  there  can  be  no  doubt  that  the  macro- 
phages of  the  immunized  contain  far  more  bacilli  than  those 
of  the  normal  rabbit.  The  actual  number  of  bacilli  in  the 
cells  is  so  great  that  it  is  impossible  to  count  them  and  thus 
obtain  a  reliable  opsonic  index,  but  the  cells  of  the  normal 
animal  may  contain  twenty  to  fifty,  and  those  of  the  immu- 
nized one  may  be  so  packed  with  bacilli  that  their  number 
must  be  reckoned  in  hundreds.  Now  it  is  evident  both  from 
their  histological  structure  and  physiological  properties  that 
the  milky  spots  of  the  omentum  are  lymphoid  structures, 
and  we  may  reason  from  this  that  the  processes  as  regards 
the  disposition  of  bacteria  are  very  similar  in  other  lymphoid 
organs,  i.e.,  the  lymph  nodes  and  spleen.  After  intraperi- 
toneal injection  of  inert  particles  or  bacteria  there  is  an 
Inimediate  rush  of  the  particles  to  the  blood,  principally,  if 
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not  entirely,  by  way  of  the  anterior  mediastinal  lymph 
trunks  and  nodes.  It  has  been  shown  by  Torrey  and  myself 
(Part  III.)  that  immediately  after  injection  of  lamp  black, 
the  particles  are  found  lying  free  in  the  lymph  sinuses  and 
efferent  ducts  of  the  anterior,  mediastinal  lymph  nodes.  The 
nodes  are  overwhelmed,  so  to  speak,  by  the  sudden  inrush 
of  multitudes  of  particles,  and  are  unable  to  resist  their  pas- 
sage. After  a  few  hours  the  macrophages  of  the  lymph 
nodes  actively  multiply,  and  the  lymph  sinuses  become 
blocked  with  these  cells,  each  one  of  which  has  gorged  itself 
with  particles,  and  the  great  majority  of  particles  which 
thereafter  reach  the  blood  current  or  organs  must  arrive 
enclosed  in  phagocytes  and  not  in  a  free  condition.  It  is 
probable  that  after  injection  of  typhoid  bacilli  into  the 
immune  animal  the  phagocytes  of  the  lymph  nodes  are  able 
to  englobe  more  bacilli  than  is  the  case  with  the  normal 
animal,  so  that  proportionately  more  of  the  bacilli  are 
carried  about  in  the  circulation  and  organs  enclosed  in 
macrophages  than  is  the  case  in  the  normal  rabbit. 

With  regard  to  the  spleen,  Dominici  has  shown  that  after 
experimental  inoculation  of  typhoid  bacilli,  certain  plas- 
modial  masses,  which  occur  normally  in  that  organ,  are 
roused  to  activity.  There  is  rapid  proliferation,  and  a 
splitting  up  of  the  plasmodial  masses  into  cells,  which  take 
on  the  characters  of  macrophages  and  are  discharged  in 
immense  numbers  into  the  lymph  sinuses  and  channels  of 
the  spleen.  In  immunized  rabbits  the  spleen  is  almost 
invariably  larger  and  darker  than  normal  and  appears  to  be 
in  a  condition  of  hyperactivity,  no  doubt  indicating  a  super- 
abundance of  macrophages. 

We  are  led,  therefore,  to  the  general  conclusion  that 
shortly  after  injection  of  bacilli  into  the  peritoneal  cavity  of 
the  immunized  animal  a  much  larger  proportion  of  the 
bacilli  have  become  enclosed  in  macrophages  than  is  the  case 
with  the  normal  rabbit,  and  that  as  the  bacilli  contained  in 
the  macrophages  are  broken  up,  the  endotoxins  liberated 
from  the  bacilli  are  neutralized  by  the  cells,  or  at  any  rate 
prevented  from  becoming  absorbed  at  various  susceptible  foci. 
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Observations  on  the  omentum  seem  to  indicate  that  the 
bacilli  in  the  macrophages  may  be  very  slowly  digested. 
The  macrophages .  connected  with  the  milky  spots  often 
appear  to  possess  much  greater  digestive  power  than  those 
macrophages  which  are  merely  caught  up  and  lie  on  the 
surface  of  the  omentum  The  bacilli  in  the  cells  of  the 
milky  spots  may  rapidly  swell  up  and  become  granular, 
whereas  those  in  the  surface  macrophages  often  remain 
intact  for  some  hours  and  may  even  show  signs  of  growth  in 
the  interior  of  the  cells  at  four  and  six  hours  after  inocula- 
tion, if  there  has  been  up  to  that  time  little  or  no  polynuclear 
leucocytic  reaction  in  the  peritoneal  cavity.  This  persistence 
of  intact  bacilli  in  the  macrophages  may  account  for  the 
persistence  of  living  bacilli  in  the  organs  of  the  immunized 
rabbit.  Although  there  is  a  larger  proportion  of  bacilli 
enclosed  within  macrophages  in  the  immunized  than  in  the 
normal  animal,  yet  on  plating  out  the  organs  of  each 
there  is  little  or  no  apparent  difference,  because  the  bacilli 
are  not  killed  more  rapidly  in  the  one  case  than  in  the  other. 
But  the  difference  becomes  apparent  in  the  effects  of  the 
toxic  products  of  the  bacilli.  In  the  normal  animal  the 
endotoxins  are  largely  liberated  directly  into  the  body 
fluid*,  whereas  in  the  immune  animal  they  are  chiefly 
liberated  into  the  cell  plasma  of  a  macrophage  and  have 
consequently  less  power  for  harm.  It  must  be  admitted 
that  there  is  not  experimental  proof  of  every  suggestion 
offered,  but  the  experiments  so  far  as  they  carry  us  at 
prrncnt  point  to  this  hypothesis  as  being  the  most  probable 
explanation  of  the  phenomena  observed. 

(t  may  be  remarked  here  that  in  the  occasional  instances 
where  rabbits  appear  to  become  somewhat  more  tolerant  to 
repeated  doses  of  killed  bacilli,  the  increased  resistance  may 
be  due  to  the  fact  that  the  macrophages  of  the  animal  in  the 
t.mir%r.  of  immunization  rapidly  take  up  a  larger  proportion 
of  the  dead  bacilli  than  those  of  the  normal  animal.  The 
fnrrlianiam  of  such  protection  would  be  quite  similar  to  that 
MyyrHtrtl  for  immunity  *  against  the  ill  effects  of  living 
|f.i/illi  introduced  into  the  peritoneal  cavity,  and  no  increased 


ABSORPTION   FROM  THE   PERITONEAL   CAVITY.  26 1 

tolerance  to  the  endotoxins  on  the  part  of  the  susceptible 
cells  of  nerve  centers  need  be  implied. 

Phagocytosis  by  the  polynuclear  cells.  —  During 

the  first  few  hours  succeeding  intraperitoneal  injection  of  a 
sublethal  dose  of  typhoid  bacilli,  the  polynuclears  play  but 
an  insignificant  part,  but  in  six  hours  there  is  usually  a 
decided  reaction  by  these  cells.  The  peritoneal  fluid  begins 
to  appear  purulent,  and  contains  vast  numbers  of  polynuclear 
leucocytes.  In  smears  made  from  the  fluid  hundreds  or 
even  thousands  of  these  cells  may  be  passed  in  review  with- 
out finding  any  which  contain  bacilli.  Every  now  and  then, 
however,  a  cell  may  be  found  which  is  phagocytic,  and, 
curiously  enough,  such  cells  usually  contain  a  considerable 
number  of  bacilli,  those  of  the  immune  animal  distinctly 
more  as  a  rule  than  those  of  the  normal  one.  On  the 
omentum  the  same  phenomenon  is  also  apparent.  There 
are  vast  numbers  of  polynuclears,  only  a  few  of  which  con- 
tain bacilli.  Bacilli  which  have  been  taken  up  by  the 
polynuclears  mostly  appear  intact,  preserving  their  normal 
form  and  staining  well.  The  phagocytic  polynuclear,  after 
taking  up  a  certain  number  of  bacilli,  appears  to  remain 
inert  until  it  is  englobed,  together  with  its  contents,  by  a 
macrophage,  after  which  a  slow  process  of  digestion 
commences. 

Phenomena  observed  in  the  peritoneal  cavity.  — 

It  has  been  mentioned  that  although  the  number  of  bacilli 
found  alive  in  the  organs  of  both  normal  and  immunized 
animals  show  no  appreciable  differences,  yet  so  far  as  regards 
the  peritoneal  cavity  itself  some  differences  are  noticeable. 
Table  XIX.  gives  the  averages  of  the  number  of  bacilli 
estimated  to  be  still  alive  and  free  in  the  peritoneal  cavity  at 
varying  intervals,  column  I  showing  the  averages  for  the 
normal,  and  column  2  for  the  immunized  animal.  It  must 
be  admitted  that  the  figures  may  be  misleading  and  might 
not  be  found  to  hold  good  if  a  larger  number  of  experiments 
were  made,  but  conceding  that  they  afford  an  indication  of 
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the  regular  course  of  events,  the  figures  can  be  used  as  an 
argument  in  favor  of  the  theories  of  immunity  already 
broached. 

At  once.  —  The  figures  for  the  immunized  animal  show  a 
tendency  to  run  lower  than  in  the  normal.  This  tendency 
may  be  accounted  for  by  supposing  that  a  larger  number  of 
bacilli  are  englobed  by  the  macrophages  and  fixed  on  the 
omentum. 

One  and  two  hours. —  The  figures  are  distinctly  lower  for 
the  normal  than  for  the  immune  rabbit.  We  have  seen  that 
the  blood  serum  is  bactericidal  in  the  case  of  the  normal,  but 
not  bactericidal  in  the  case  of  the  immune  rabbit.  It  is  not 
known  if  this  principle  can  be  applied  to  the  body  fluids  of 
the  living  animal,  but  the  figures  indicate  that  the  normal 
peritoneal  fluid  can  at  first  dispose  of  more  bacilli  left  free 
by  the  macrophages  than  the  immune  fluid. 

Four  and  six  hours.  —  It  is  at  this  period  that  the  differ- 
ences become  more  marked.  There  is  a  tendency  towards 
increase  of  the  bacilli  in  the  normal  peritoneal  fluid,  whereas 
in  the  immune  fluid  there  is  progressive  decrease.  In  the 
experiments  so  far  detailed  the  normal  rabbits  were  tested  in 
the  season  of  1905-6,  and  the  immunized  in  1906-7,  but 
Table  XX.  gives  a  comparative  test  made  recently.  The  two 
rabbits  were  of  the  same  size,  both  being  inoculated  and 
sacrificed  on  the  same  day.  The  numbers  of  bacilli  in  the 
organs  are  practically  alike,  except  that  in  the  immunized 
rabbit  the  early  accumulation  in  the  spleen,  already  com- 
mented upon,  is  apparent.  But  in  the  normal  animal  there 
are  approximately  one  hundred  and  fifty  millions  of  free 
bacilli  in  the  peritoneal  fluid,  whereas  there  are  only  twelve 
millions  in  the  fluid  of  the  immune  one.  Microscopical 
examination  of  the  omentum  confirms  the  general  accuracy 
of  this  observation.  In  the  one  case  (normal)  the  bacilli 
have  obviously  been  multiplying  enormously,  forming  centers 
of  secondary  multiplication  as  they  have  been  called  in  Part 
V.,  whereas  in  the  other  case  (immune)  there  is  little 
evidence  of  secondary  increase.  This  question  of  secondary 
multiplication  in  the  peritoneal  cavity  was  discussed  in  Part 
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V.,  and  the  conclusion  was  reached  that  although  the  macro- 
phages of  the  peritoneal  fluid  and  omentum  could  take  up 
an  enormous  number  of  bacilli,  yet  they  could  not  effectively 
digest  them,  unless  or  until  there  was  a  good  local  reaction 
on  the  part  of  the  organism,  and  the  peritoneal  cavity 
became  filled  with  pus.  If  the  reaction  was  delayed  beyond 
three  or  four  hours  the  bacilli  would  multiply  enormously, 
not  only  those  lying  free  but  also  those  in  the  interior  of  the 
macrophages. 

Now  it  has  become  evident  in  the  course  of  these  experi- 
ments that  in  four  to  six  hours  the  immune  animal  on  the 
whole  shows  a  much  more  decided  local  reaction  in  the 
peritoneal  cavity  than  is  the  case  with  the  normal  one. 
Nevertheless,  it  seems  probable  that  this  increased  capacity 
for  local  reaction  is  not  due  directly  to  the  immune  condi- 
tion of  the  animal,  but  indirectly,  because,  being  immune,  it 
does  not  suffer  from  the  early  liberation  of  the  endotoxins 
as  does  the  normal  rabbit.  The  probable  reasons  for  this 
difference  in  susceptibility  have  already  been  suggested. 
The  chart  attached  to  Table  XX.  is  typical  of  the  differences 
between  the  normal  and  immune  rabbit  in  respect  of  temper- 
ature, except  that  the  return  towards  normal  occurs  in  both 
cases  earlier  than  is  usual.  As  a  rule,  the  normal  shows  a 
drop  followed  by  a  rise,  while  the  temperature  of  the  immune 
rabbit  remains  constant  or  shows  a  rise  from  the  start.  The 
latter,  therefore,  is  better  equipped  for  an  early  local  reaction 
than  the  former,  which  has  first  to  overcome  the  depressing 
effect  of  the  endotoxins  liberated  shortly  after  inoculation, 
and  is  not  able  to  react  locally  so  quickly  as  the  animal 
which  has  felt  no  ill  effects  from  inoculation. 

Sixteen,  twenty-four,  and  forty-eight  hours.  —  Both  normal 
and  immunized  rabbits  by  this  time  show  good  local  perito- 
neal reaction,  and  are  on  the  high  road  to  recovery.  The 
bacilli  still  alive  and  free  in  the  cavity  &re  greatly  reduced 
in  number,  and  there  is  no  appreciable  difference  between 
the  normal  and  the  immunized  animals. 

A  few  remarks  on  opsonins.  —  The  work  of  Wright  and 
his    collaborators    is    now   so   well   known   that   no   special 
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reference  need  be  made  to  it,  but  the  conclusions  that  have 
been  reached  from  these  studies  certainly  tend  to  support 
Wright's  view  that  the  opsonins  are  very  prominent  factors  in 
immunity.  The  opsonic  index  of  ordinary  examinations  is 
calculated  upon  the  phagocytic  properties  of  the  polynu- 
ciears,  bat  the  influence  of  the  opsonins  upon  the  bacilli 
appears  to  make  them  more  acceptable  to  the  macrophages 
also.  With  this  influence,  however,  the  power  of  the  opso- 
nins seems  to  terminate,  since  the  macrophages  of  the 
immune  animal  do  not  apparently  destroy  the  bacilli  more 
quickly  than  those  of  the  normal  one,  except,  perhaps, 
locally  in  the  peritoneal  cavity  on  account  of  local  conditions. 
Indirectly,  however,  as  has  been  suggested,  the  opsonins 
protect  the  immune  animal,  since  the  endotoxins  liberated 
on  disintegration  of  the  bacilli  are  discharged  into  the  plasma 
of  cells  not  directly  connected  with  the  life  of  the  organism 
instead  of  into  the  body  fluids  from  which  they  can  be 
absorbed  into  cells  which  are  of  vital  importance. 

CONCLUSIONS. 

1.  A  rabbit  immunized  to  typhoid  bacilli  does  not  dis- 
pose of  a  sublethal  dose  of  living  typhoid  bacilli  more  quickly 
than  a  normal  rabbit. 

2.  Nor  does  it  become  appreciably  more  resistant  to  the 
endotoxins. 

3.  The  immunity  probably  resides  in  the  increased 
capacity  of  the  phagocytes,  principally  the  macrophages,  for 
taking  up  bacilli. 

4.  The  endotoxins,  therefore,  on  destruction  of  the 
bacilli,  in  the  immune  animal,  are  liberated  chiefly  into  the 
cell  plasma  of  the  phagocytes,  instead  of  directly  into  the  body 
fluids  as  in  the  normal  rabbit. 

REFERENCES. 

Dominici.    Arch.  Med.  Exp.f  xii,  1900,  733. 

Pfeiffer.    Zcit.  f.  Hjg.,  xi,  1S92. 

Vaughan     Jour.  Med.  Res.,  ix,  1905.  67. 

Wolff.     Central blatt  f.  Bakterio logic,  xxxvii,  1904,  569. 


ABSORPTION  FROM  THE  PERITONEAL  CAVITY. 


265 


Table  I.  —  (At  Once.) 
Rabbits  killed  immediately  after  intraperitoneal  injection. 


1... 

a.. 

3.. 

4.. 

5.. 

6.. 

7.. 


Inocula- 
tions. 

M 

JQ 

A 

m 

00 

4 

S.C.  and  I.V. 

S.C.  and  I.V. 

34 

S.C.  and  I.V. 

4i 

S.C. 

4 

S.C. 

4l 

S.C.  and  I.V. 

3* 

S.C. 

31 

Peritonea] 
Wash. 


250,000,000 

1,000,000,000 

1,500,000,000 

350,000,000 

400,000 

300/100,000 

i,aoc 


Spleen. 

Liver. 

Mar. 

row. 

30,000 

50,000 

3,000 

15.000 

15,000 

1.500 

io/>oo 

Sojxo 

5.000 

a»Soo 

iS*ooo 

3,000 

Moo 

7.500 

1.500 

150 

Soo 

0 

0 

0 

0 

Upper 
Ant.  Med. 

Nodes. 
Estimated 

Total. 


35,000,000 

15,000,000 

30,000,000 

6,000,000 

3,500,000 

35o/x» 

350 


Blood 
per  cc. 


300,000 
30,000 

300,000 

75.000 

30,OOC 
10,000 

o 


Serum. 


Bacte- 
ricidal 
Power. 


None. 

None. 

None. 
<  Normal. 

None. 

None. 
'  Normal. 


Agglu- 
tinative 
Value. 


5.000 

30,000 

10,000 

10,000 

5tOOo 

40,000 

5.000 


1.. 

3. 


Table  II. 
Rabbits  killed  one  hour  after  injection. 


5- 
o.  •< 
7.., 


Inocula- 
tions. 

• 

bo 

4l 

S.C. 

S.C.  and  I.V. 

5* 

S.C.  and  I.V. 

4 

S.C.  and  I.V. 

34 

S.C. 

3 

S.C.  and  I.V. 

4l 

S.C. 

34 

Peritoneal 
Wash. 


7,500,000 

100,006,000 

3,000,000 

30,000,000 

400,000 

1,300,000 

160? 


Spleen. 

Liver. 

Mar- 
row. 

1 

8,000 

10,000 

4,000 

7.000 

5.000 

500 

1,300 

3,000 

400 

1,000 

3,000 

100 

500 

SOO 

100 

450 

150 

30 

0 

0 

0 

Upper 

Ant.  Med. 

Nodes. 

Blood 
per  cc. 

2,000,000 

10,000 

7,000,000 

5.000 

3,O0O/XX> 

750 

500,000 

1,000 

3,000,000 

300 

100,000 

5o 

50 

0 

Serum. 


Bacte- 
ricidal 
Power. 


<Normal. 
None. 
None. 
None. 
None. 
None. 
None. 


Agglu- 
tinative 
Value. 


15.000 
40*000 
3,500 
35/100 
10,000 
10,000 
10,000 
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J 


Itioculi* 
Mont. 


i 

i 


*  • 


H.C.  midl.V. 
S.C.tndt.V. 

B.C. 

H.C. 

H.C. 


KL 


AVi**f  *  ±*JW 


PeritooeaJ 

WMfa. 


3)     ' 

i 

» •  •  # 

3l 

44 

i 

4* 


JDO/30D 


& 


N.C.ftAdf.VJ  H      tiJW* 


1 

3 


IV 


fiat+it: 


m 

/* 


i 

X 

~~ 

u~ 

1.  » 

*.<;,  «*<f  f,V. 

* 

*jyy>v>x. 

V*X 

«« 

4.    • 

«M. 

4l 

%#*,/**, 

V-OB 

y» 

♦  ■•• 

%A,. 

4i 

*x./r/> 

ta 

6c 

4-" 

H.C  *u4  i.V.t 

4 

25/0/*%' 

J» 

^ 

*■•« 

*.4„*n4I.V. 

*4 

i/»v*» 

IJO 

I3C 

0... 

%A.. 

li 

jr/>/aoo 

no 

I1C 

X3 


71=       2. 


I.TMT 


ABC  J5      <3 
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Table  V. 
Rabbits  killed  six  hours  after  injection. 


1... 
a... 

3-«- 
4... 

5... 
6.. . 


Inocula- 
tions. 

• 

• 

JB 

fee 

3i 

S.C.  and  I.V. 

S.C. 

31 

S.C.  and  I.V. 

4i 

S.C.  and  I.V. 

4i 

S.C.  and  I.V. 

3* 

S.C. 

44 

Peritoneal 
Wash. 

Spleen. 

3,000,000 

a.500 

300,000 

3,000 

12,000,000 

1,500 

I50/XX) 

300 

16,000,000 

70 

1 ,200,000 

40 

Liver. 


3.000 

3,000 

350 
110 
330 

35 


Mar- 
row. 


1,000 
330 
3OO 

S° 

So 

150 


Upper 

Ant.  Med. 

Nodes. 


50,000,000 

35,000,000 

7.000? 

750,000 

1,500,000 

5,000,000 


Blood 
per  cc. 


30 
30 

So 

S 
o 

4 


Serum. 


Bacte- 
ricidal 
Power. 


None. 
<  Normal. 

None. 

None. 

None. 

^Slight. 


Agglu- 
tinative 
Value. 


40,000 
io/x» 

7^oo 
30,000 
40^00 

10,000 


I, 

a. 

3- 

4- 

5- 
6. 


Table  VI. 
Rabbits  kitted  sixteen  hours  afler  injection. 


Inocula- 
tions. 


S.C. 
S.C.  and  I.V. 
S.C.  and  I.V. 
S.C.  and  I.V. 

S.C. 

S.C. 


3 

•a 


3i 

4* 

4 
4 
4 
5 


Peritoneal 
Wash. 


150,000 
450,000 
750,000 
320,000 
400,000 
100,000 


Spleen. 

Liver. 

Mar. 

row. 

3,500 

5 

00 

3,000 

65 

400 

5oo 

45 

40 

150 

ao 

40 

H 

H 

0 

as- 

1 

13 

Upper 

Ant.  Med. 

Nodes. 


30,000 

35,000,000 

lOfitxyflco 

3,000,000 

150,000 

1,000,000 


Blood 
percc. 


10 

13 

13 
6 

SO 
o 


Serum. 


Bacte- 
ricidal 
Power. 

Agglu- 
tinative 
Value. 

>  Normal. 

? 

None. 

10,000 

None. 

S.000 

None. 

S1OO0 

Slight. 

15.000 

>  Normal. 

10,000 
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Table  III. 
Rabbits  killed  two  hours  after  injection. 


Inocula- 
tions. 

• 

Ml 

I 

3i 

Peritoneal 
Wash. 

Spleen. 

Liver. 

Mar. 

row. 

Upper 

Ant.  Med. 

Nodes. 

Blood 
per  cc. 

Serum. 

Bacte- 
ricidal 
Power. 

Agglu- 
tinative 
Value. 

S-C.andl.V. 

130,000,000 

S.000 

10,000 

1.500 

35,000,000 

35,000 

None. 

40/500 

S.C.  andl.V. 

•   •   •    ■ 

30,000,000 

700 

1,50b 

300 

300,000 

7So 

None. 

10,000 

S.C. 

3* 

35,000,000 

650 

3.000 

35° 

3,000,000 

3,000 

None. 

10,000 

S.C. 

4* 

300,000 

35o 

4So 

300 

1,000,000 

13 

Normal. 

10/300 

S.C. 

41 

150,000 

So 

iS 

8 

13,000 

0 

Slight. 

10/no 

6... 

S.C.  and  I. V. 

M 

15,000,000 

6 

0 

0 

150,000 

40 

None. 

7JW 

Table  IV. 
Rabbits  killed  four  hours  after  injection. 


Inocula- 
tions. 

• 

<• 

a 

be 

3i 

S.C.  and  I.V. 

S.C. 

4* 

S.C. 

4l 

S.C.  and  I.V. 

r3| 

S.C.  and  I.V. 

34 

S.C. 

3* 

Peritoneal 
Wash. 


35,000,000 

3,500,000 

800,000 

35,000,000 

1,000,000 

300,000 


Spleen. 


6,000 
3,000 
600 
300 
150 
no 


Liver. 

Mar- 
row. 

4,000 

75o 

3»ooo 

3,500 

60 

300 

350 

40 

100 

5 

no 

40 

Upper 

Ant.  Med. 

Nodes. 

Blood 
per  cc. 

Serum. 

Bacte- 
ricidal 
Power. 

Agglu- 
tinative 
Value. 

35,000,000 
35,000,000 
3,000,000  a 

30,000,000 
500,000 
300,000 

3S0 
300 

So 

10 
80 

None. 
Slight. 
None. 
<  Normal. 
None. 
None. 

35,000 

50/300 

5.000 

IO/UO 

40,000 
5.000 
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Table  V. 
Rabbits  killed  six  fours  after  injection. 


1. 

a. 

3- 
4- 


• 

«e 

a 

Inocula. 

tions. 

J3 
Ml 

•p* 

« 

31 

S.C.  and  I.V. 

S.C. 

3i 

S.C.  and  I.V. 

4l 

S.C.  and  I.V. 

4l 

S.C.  and  I.V. 

3i 

S.C. 

44 

Peritoneal 
Wash. 

Spleen. 

3,000X00 

3.500 

300,000 

3x00 

12,000,000 

1,500 

15O/DOO 

300 

16,000,000 

70 

1,300,000 

40 

Liver. 


3.000 
axoo 

350 
no 
aao 

35 


Mar- 
row. 


IXOO 

aao 

300 

50 

50 

150 


Upper 

Ant.  Med. 

Nodes. 

Blood 
per  cc. 

50,000,000 

30 

35,000,000 

30 

7,000? 

5o 

750,000 

5 

1,500,000 

0 

5,000,000 

4 

Serum. 


Bacte- 
ricidal 
Power. 


None. 
<Nonnal. 

None. 

None. 

None. 
v  Slight. 


Agglu- 
tinative 
Value. 


40,000 
10,000 
7.500 
30,000 
40,000 
1 0,000 


Table  VI. 
Rabbits  killed  sixteen  hours  after  injection. 


1. 

a. 

3- 

4- 

5- 
6. 


Inocula- 
tions. 


S.C. 
S.C.  and  I.V. 
S.C.  and  I.V. 
S.C.  and  I.V. 

S.C. 

S.C. 


XI 

A 


■a 
I 


31 
4l 

4 
4 
4 
5 


Peritoneal 
Wash. 


150,000 
450,000 
750,000 
320,000 
400,000 
100,000 


Spleen. 

Liver. 

Mar. 

row. 

3.500 

5 

00 

a  ,000 

65 

400 

500 

45 

40 

150 

20 

40 

35 

35 

0 

20 

1 

13 

Upper 

Ant.  Med. 

Nodes. 


30,000 
25,000,000 
10x00,000 

2,000X00 

I50XO0 

1,000,000 


Blood 
percc. 

Serum 

• 

Bacte- 
ricidal 
Power. 

Agglu- 
tinative 
Value. 

10 

>  Normal. 

? 

13 

None. 

10,000 

13 

None. 

5/x» 

6 

None. 

5.00° 

So 

Slight. 

15*000 

0 

>  Normal. 

10x00 
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Table  VII. 
Rabbits  killed  twenty-four  hours  after  injection. 


i... 
a... 

3— 
4... 

s... 

6«. . 


• 

« 

.0 

-J 

Inocula- 

-r 

tions. 

fa* 

M 

« 

s 

S.C.andl.V. 

S.C.andl.V. 

4 

S.C. 

4 

S.C. 

4 

S.C.  and  I.  V. 

4 

S.C. 

31 

Peritoneal 
Wash. 


80,000 

50,000 

60,000 

100,000 

150,000 

360,000 


Spleen. 

Urer. 

Mar- 

row. 

4,000 

100 

60 

500 

5 

0 

160 

4 

10 

150 

8 

So 

30 

0 

0 

8 

a 

0 

Upper 

Ant.  Med. 

Nodes. 


1,500,000 
1,500,000 

100,000 

500,000 
300,000 

90,000 


Blood 
I  cc 


X 

o 

3 

"4 

o 

o 


Serum. 


Bacte- 
ricidal 
Power. 


None. 
None. 
Normal. 
Normal. 
None. 
<Normal. 


Agxiu- 
tinatiVe 
Value. 


?5fO0O 
Siooo 
Sfioo 

9,000 

50,000 
10,000 


Table  VIII. 
Rabbits  killed  forty-eight  hours  after  injection. 


1... 
9.. 

3... 
4.., 

S— 

6... 


• 

• 

.0 

i-l 

Inocula- 

tions. 

A 
b6 

u 

4i 

S.C.  and  I.V. 

S.C.  and  I.V. 

4 

S.C. 

5 

S.C.  and  I.V. 

44 

S.C. 

4 

S.C. 

44 

Peritoneal 
Wash. 


3,000 
15.000 

o 
o 

30*000 
3,000 


Spleen. 

Liver. 

Mar. 
row. 

400 

0 

0 

950 

9 

0 

«5o 

75 

10 

90 

0 

0 

6 

0 

0 

a 

9 

0 

Upper 

Ant.  Med. 

Nodes. 


50,000 
50,000 
100,000 
30,000 
10,000 
9,000,000 


Blood 
per  cc. 


o 
o 
o 
o 
o 
100 


Serum. 


Bacte- 
ricidal 
Power. 


None. 
None. 
>  Normal. 
None. 
Normal. 
Normal. 


tinathre 
Value. 


10,000 
5.000 
5.000 

10,000 
S.ooo 
5.000 


Table  IX.    (Spleen.) 
Colonies  of  typhoid  bacilli  on  spleen  plates.     Six  rabbits  at  each  interval. 


At  once. 

x  hour. 

a  hours. 

4  hours. 

6  hours. 

16  hoars. 

34  hours. 

48  hours. 

30,000 

8,000 

S.ooo 

6,000 

3,500 

a,5oo 

4,000 

400 

15,000 

7,000 

700 

9,000 

9,000 

3,000 

5O0 

350 

3 

10,000 

1,900 

650 

600 

1.500 

5oo 

160 

IS© 

a.5oo 

1,000 

350 

300 

300 

150 

ISO 

ao 

5 

1.500 

50O 

5o 

150 

70 

»5 

30 

6 

6 

150 

450 

6 

110 

40 

30 

8 

3 
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Table  X.    (Liver.) 
Colonies  of  typhoid  bacilli  on  liver  plates.     Six  rabbits  at  each  interval. 


At  once. 


50,000 
50,000 
15,000 
15,000 
7»5*> 
500 


1  hour. 


10,000 

5,000 

3,000 

3,000 

800 

150 


a  hours. 


10,000 

3.000 

ii5oo 

45© 

15 

o 


4  hours. 


4,000 

3.000 

350 

no 

100 

60 


6  hours. 


3»ooo 
3,000 

3So 
aao 
no 

35 


16  hours. 


05 
45 

*S 

so 

5 

1 


94  hours. 


100 
8 

5 

4 

a 

o 


48  hours. 


75 

a 

a 
o 
o 
o 


Table  XI.    (Blood.) 
Typhoid  bacilli  per  cubic  centimeter  of  the  blood.     Six  rabbits  at  each  interval. 


At  once. 

i  hour. 

a  hours. 

4  hours. 

6  hours. 

16  hours. 

34  hours. 

48  hours. 

300,000 

10,000 

35,000 

3,500 

SO 

So 

14 

100 

300,000 

5.000 

3,000 

750 

30 

is 

3 

0 

75.000 

1,000 

750 

300 

30 

1a 

1 

0 

30,000 

750 

40 

40 

S 

10 

0 

0 

s 

30,000 

aoo 

ta 

40 

4 

6 

0 

0 

10,000 

50 

0 

5 

4 

0 

0 

0 

0 

Table  XII. 
Upper  anterior  mediastinal  lymph  nodes. 


At  once. 

1  hour. 

3  hours. 

4  hours. 

6  hours. 

16  hours. 

34  hours. 

48  hours. 

35,000,000 

7,000,000 

35,000,000 

35,000,000 

50,000,000 

35,000,000 

1,500,000 

3,000,000 

30,000,000 

3,000,000 

3,000,000 

35,000,000 

35,000,000 

10,000,000 

1,500,000 

100,000 

15,000,000 

a,ooo/)oo 

1,000,000 

30,000,000 

5,000,000 

3,000,000 

500,000 

50,000 

6,000,000 

3,000,000 

300,000 

3,000,000 

1,500,000 

1,000,000 

300,000 

50,000 

3,500,000 

500,000 

•50,000 

500,000 

750,000 

150,000 

100,000 

30,000 

6 

350.000 

100,000 

13,000 

300,000 

?  7,000 

30,000 

30,000 

10,000 

*~ 


■CXTO*. 


XL11. 


Baaftt  *h?e 


At 


t,  iff**/***/***  vAfir*/***  itr^fincfact 

V  1#V3*r*^»'     7^»ywff    ayinc/wr*  i&m,0m  i/wyn> 

4~  J/If*/0XrJ3W       %/Utk/MMP     t^fiOGJMXf  l/IW/TO  J^JOayBOD 

j,  jyv>^/y»      ijjoo^ciw        techno  tncywo       joouno    i 

4*  jr/VM"        40*400        t^v>ao>  josvaao       i 


o 
o 


Tabu  XIV. 
Averages  ofmiddUfewr  animals  from  TakUs  IX.  *  XIII. 


Blood 

per  cc. 

Table  XI. 

Spleea. 
Table  IX- 

Urer. 

1     Table  X. 

Ant.  Med. 

Nodes. 
Table  XII. 

1    Peritoneal 
Wash. 
Table  XIII. 

I,. 

At  once. 

Houooo 

7^» 

tojtnt 

500,000,000 

3.. 

i  boar. 

>»750 

3,500 

;       **9» 

a^ooOjOOO 

ISjOOOjOOO 

J- 

a  boars. 

700 

45© 

i^S«> 

l/xxvooo 

15/300,000 

4" 

4  hoars, 
6  hoars. 

300 

ao 

750 
070 

*75 

7,500,000 

4,000,000 

XOfiOOfiOO 

6. 

16  hours. 

10 

7" 

* 

3^50,000 

350,000 

7- 

24  hoars. 

1 

300 

5 

• 
600/100 

100,000 

8. 

. . '    +S  hoars. 

0 

1 

<            100 

1 

1 

OOyOOO 

SfOoo 
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Table  XV. 

Comparative  normal  and  immune.     The  figures  for  the  normal  rabbits  are  taken 
from  Part  II.  of  this  work.     Those  for  the  immune  rabbits  from   Tables 
I.  to  VII 


At  Once. 

One  Hour. 

Spl< 

sen. 

Liver. 

Spleen. 

Liver. 

Normal. 

Immune. 

Normal. 

Immune. 

Normal. 

Immune. 

Normal. 

Immune. 

I 

3.5°° 

30,000 

25,000 

50,000 

1 ,5°° 

8,000 

3/500 

10,000 

2 

3,000 

15,000 

25,000 

50,000 

500 

7,000 

3,500 

5.°°° 

3 

3,000 

10,000 

15,000 

15,000 

4»5 

1,200 

2,000 

2,000 

4 

1,000 

a.5oo 

7,000 

15,000 

20 

1,000 

5°° 

2,000 

5 

0 

ii5°° 

0 

7.5°° 

? 

5°° 

225 

800 
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Table  XVI. 
Comparative  normal  and  immune. 
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Table  XVII. 
Comparative  normal  and  immune. 


Six  Hours.                             1 
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Table  XVIII. 
Comparative  normal  and  immune. 


TWENTY-FOUR  HOURS. 

Forty-eight  Hours. 

1 

Spleen. 

Liver. 

Spleen. 

Liver. 

Normal. 

Immune. 

Normal. 

Immune. 

1 
Normal. 

Immune. 

Normal. 

Immune. 

3 

4 

5 

6 
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30 

15 
0 
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30 

8 
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15 

13 

3 
0 

0 
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8 

5 

4 
3 

0 
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30 
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0 
0 
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'50 

30 

6 

3 

3 

3 

1 

0 
0 
0 

75 

a 

a 
0 
0 
0 

Table  XIX.     (Peritoneal  Wash.) 

Comparison  between  normal  and  immunized  rabbits.     The  estimated  number  of  bacilli  left 
alive  m  the  peritoneal  cavity.    Averages  of  middle  four  rabbits  in  each  table.     The 
figures  for  the  normal  rabbits  are  tahen  from  tables  in  Part  II.  of  this  work. 
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Table  XX. 

Comparative  normal  and  immune.    Six  hours  after  inoculation  with  temperature 

chart  attached. 
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SOLID    TERATOMATA   OF    THE    MEDIASTINUM.* 

Henry  A.  Christian. 
(Instructor  in  the  Theory  and  Practice  of  Physic,  Harvard  University.') 

In  1902  under  the  title  "Dermoid  Cysts  and  Teratomata 
of  the  Anterior  Mediastinum  "  l  I  published  a  case  of  simple 
dermoid  cyst  of  the  anterior  mediastinum  and  analyzed  the 
reported  cases  of  this  condition.  The  cases  were  classified 
in  that  paper  as  follows  :  "  1st,  those  of  slight  complexity, 
which  are  essentially  dermoid  cysts  of  ectodermal  origin  ; 
2d,  those  of  great  complexity  which  contain  derivatives  from 
all  three  germ  layers  with  the  formation  of  rudimentary 
organs  and  which  may  be  regarded  as  teratomata;  3d, 
tumors  of  the  first  or  second  class  which  in  some  part  of 
their  structure  are  malignant  and  form  metastases  in  other 
organs."  At  that  time  I  could  collect  forty  cases,  and  of 
these  two  were  grouped  under  class  second,  "  those  of  great 
complexity  —  which  may  be  regarded  as  teratomata."  In 
Ekehorn's 2  case,  besides  a  dermoid  cyst,  there  was  a  bone 
resembling  the  superior  maxilla,  ganglia  suggesting  spinal 
ganglia  arranged  between  bits  of  bone,  and  structures  some- 
what resembling  fetal  lung  and  intestine.  Virchow's  case8 
showed  much  young  striated  muscle,  and  tissue  which  sug- 
gested fetal  lung  in  addition  to  areas  of  a  sarcomatous  and 
carcinomatous  nature. 

Since  1902  I  have  seen  specimens  from  three  additional 
cases,  one  simple  dermoid  cyst,  and  two  solid  teratomata. 
The  latter  I  report  since  they  belong  to  the  rarer  group  (2) 
of  my  classification  and  show  a  large  amount  of  neuroglia 
tissue.  Only  one  other  case,  that  of  Bull,4  similar  in  this 
latter  regard,  has  been  published  in  a  total  of  sixty  cases 
which  I  was  able  to  analyze  recently.6  Of  these  sixty  cases, 
seven  belonged  to  the  teratoma  group,  as  follows :  Cases  of 
Ekehorn,6  Virchow,7  Bull,8  Fofanow,9  Warthin10  and  the 
author's  two  cases.     The  case  of  Bull  and  the  author's  two 

•  Received  for  publication  April  10,  1907. 
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cases   form   a   group   presenting  quite  similar  pathological 
characteristics. 

Case  I.*  was  a  boy  (a  patient  of  the  late  Dr.  J.  M.  Sheahan, 
of  Quincy,  Mass.),  age  nineteen,  who  died  with  a  history  of 
symptoms,  referable  to  the  mediastinal  tumor,  of  three 
months'  duration.  The  tumor  weighed  four  thousand  seven 
hundred  and  fifty  grams,  and  occupied  nearly  the  whole  of 
the  right  half  of  the  thorax.  The  lung,  presented  as  a  flat- 
tened lobe,  crowded  into  the  postero-lateral  portion  of  the 
upper  part  of  the  pleural  cavity.  The  right  bronchus  was 
embedded  in  the  tumor.  The  heart  was  crowded  over  to  the 
left  in  an  almost  horizontal  position  and  the  left  lung  was  in 
consequence  somewhat  compressed.  There  was  no  evidence 
of  metastasis  of  the  tumor  into  any  of  the  organs  of  the  body. 
The  tumor  was  lobulated,  firm,  grayish  to  pink  in  color  and 
contained  many  small  cysts  filled  with  colloid  material  and  a 
few  larger  cysts  several  centimeters  in  diameter. 

Numerous  pieces  of  tissue  were  taken  from  various  parts 
of  the  tumor  for  histological  examination.  These  were 
hardened  in  formalin,  mordanted  by  the  picric  acid 
ammonium  bichromate  method,  embedded  in  paraffin  and 
sectioned.  The  sections  were  stained  with  Mallory's 
phosphotungstic  acid  hematoxylin  with  and  without  dif- 
ferentiation in  ferric  chloride. f 

The  tumor  consists  of  many  cysts  of  varying  shape.  Most 
of  them  are  round  or  oval,  one-half  to  three  millimeters  in 
diameter.  Some  appear  as  slits  or  clefts;  others  have  an 
irregular  contour;  a  few  show  slight  papillary  ingrowths. 
There  are  a  few  cysts  considerably  larger,  up  to  several 
centimeters  in  diameter.  Some  of  the  larger  cysts  have 
undoubtedly  resulted  from  the  coalescence  of  adjacent  cysts 
as  the  intervening  septa  thinned  with  the  increase  in  size  of 
the  cysts. 

Many  of  the  cysts  contain  a  hyaline  or  granular  coagulum 

*  Both  cases  are  reported  in  the  chapter  in  the  System  of  Medicine  above  referred  to, 
clinically  at  slight  length,  pathologically  very  briefly. 

fThe  technical  methods  employed  here  may  be  found  described  in  Mallory  and 
Wright's  Pathological  Technique,  published  by  W.  B.  Saunders  &  Co.,  Philadelphia, 
1904. 
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enclosing  desquamated  cells.  Others  are  empty  as  they 
appear  in  section.  A  number  of  them  contain  desquamated 
cornified  epithelium.  The  total  area  of  cyst  in  a  square 
centimeter  varies  much  in  different  parts  of  the  tumor.  Few 
blocks  of  tissue  one  centimeter  square  are  free  of  cysts.  The 
average  number  is  five  to  ten.  In  some  parts  they  are 
crowded  together  so  that  merely  thin  septa  of  stroma 
intervene. 

Many  varieties  of  epithelium  line  these  cysts.  High  cylin- 
drical ciliated  epithelium  is  common,  usually  in  stratified  form. 
The  cilia  are  relatively  long  and  show  distinctly  basal  dots 
below  the  point  of  their  insertion  in  the  cell.  Some  cysts 
are  lined  by  a  single  layer  of  cylindrical  or  cuboidal  ciliated 
epithelium.  Simple  unciliated  epithelium  of  the  same  types 
occurs  rather  more  frequently.  Occasionally  this  is  of  the 
mucous  type  with  goblet  cells.  Simple  squamous  and 
transitional  epithelium  is  frequently  found,  and  still  more 
common  is  epithelium  of  epidermal  type  with  prickle  cells, 
keratohyaline  granules,  and  distinct  stratum  corneum.  In 
connection  with  this  last  type,  in  a  few  places,  hair  follicles, 
sebaceous  glands,  and  sweat  ducts  are  seen.  Very  rarely  is 
seen  a  cyst  lined  by  low  cuboidal  epithelial  cells  containing 
coarse  rod-shaped  brownish  pigment  granules  similar  to 
those  occurring  in  the  retina.  In  the  connective  tissue 
adjacent  to  these  cysts  are  found  larger  cells  filled  with 
similar  pigment.  In  both,  the  small  round  nucleus  is  almost 
obscured  by  the  pigment.  In  close  association  with  this 
pigmented  epithelium  in  two  places  is  a  cyst  of  irregular 
contour  containing  numerous  small  vascular  papillary 
ingrowths  covered  by  low  cylindrical  or  cuboidal  epithelium. 
These  epithelial  cells  have  in  their  outer  end  a  row  of  small 
dots  which  stain  in  the  same  way  as  do  neuroglia  fibrils  and 
in  this  respect  these  cells  resemble  ependymal  epithelium. 
The  vascular  stalks  thus  covered  bear  some  resemblance  to 
the  choroidal  plexus  of  the  cerebral  ventricles.  The  presence 
of  these  dots,  however,  is  not  proof  of  the  ependymal  nature 
of  epithelial  cells  as  has  already  been  pointed  out  by  me  u  and 
by  Verhoeff, M  who  has  shown  the  frequent  occurrence  of  a 
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pair  of  dots  with  similar  staining  reaction  in  a  variety  of 
lining  epithelium.  Moreover,  both  these  dots  and  the 
limiting  membrane  described  by  Verhoeffu  is  seen  in  much 
of  the  epithelium  lining  the  cysts  of  this  tumor. 

In  addition  to  cysts,  numerous  groups  of  small  glands  of 
the  branching  tubular  type  lined  by  high  and  low  cylindrical 
mucous  epithelium  occur.  None  of  this  epithelium  is  cili- 
ated. About  these  cysts  there  are  no  definite  layers  of  smooth 
muscle  or  connective  tissue,  but  the  glands  are  scattered 
irregularly  in  a  loose  connective  tissue  stroma.  Numerous 
small  irregular  solid  masses  of  epithelium  of  epidermal  type 
are  found,  sometimes  with  central  concentric  cornified  cell 
masses  forming  epithelial  pearls. 

In  one  section  is  a  group  of  epithelial  cells  somewhat 
resembling  liver  tissue.  The  cells  are  roughly  cuboidal  in 
shape,  averaging  fourteen  microns  in  diameter.  The  cyto- 
plasm is  dense,  finely  granular  and  deeply  staining.  Some 
cells  contain  small  fat  vacuoles.  Nuclei  are  round  or  oval, 
vesicular  with  one  large  rounded  chromatin  mass.  The  cells 
are  arranged  in  irregular  columns  two  cells  thick.  In  many 
places  between  the  cells  is  seen  a  narrow  •  lumen,  whose 
margin  stains  darkly  with  phosphotungstic  acid  hematoxy- 
lin. This  lumen  branches  and  is  distributed  between  the 
cells  in  a  way  resembling  biliary  canaliculi,  which  likewise 
have  this  staining  reaction.  Cell  columns  are  related  to 
each  other  in  a  manner  not  unlike  columns  of  liver  cells  and 
between  them  run  capillaries,  but  there  is  no  vascular  space 
analogous  to  sinusoids.  There  is  no  pigment  resembling 
biliary  pigment. 

Besides  cysts  and  glands  lined  by  epithelium  of  these 
various  developed  types  there  are  a  few  small  solid  masses 
and  glands  composed  of  slightly  differentiated  epithelium  of 
embryonal  type. 

Usually  a  cyst  is  lined  throughout  by  the  same  type  of 
epithelium,  but  many  show  two  or  three  different  types  with 
transitions  from  one  type  to  another,  as  we  find  normally 
where  esophagus  and  stomach  join  or  where  vaginal  and 
uterine  mucosa  fuse. 
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The  stroma  between  the  cysts  is  as  varied  as  the  epithe- 
lium lining  them.  Fibrous  tissue  predominates  and  ranges 
in  type  from  dense  tissue  with  coarse  bundles  of  wavy 
parallel  fibers  and  a  few  compressed  elongated  cells  to  loose 
cellular  tissue  composed  of  numerous  large  cells  with  round 
or  oval  vesicular  nuclei  and  numerous  protoplasmic  pro- 
cesses lying  in  the  interstices  of  fine  interlacing  fibrils.  In 
places  the  fibrous  tissue  is  evidently  edematous  but  no  true 
myxomatous  tissue  is  found. 

Large  areas  of  adipose  tissue  pre  common.  Much  of  this 
is  of  the  type  composed  of  large  fat  droplets  surrounded  by 
a  thin  cytoplasmic  zone  with  a  crescentic  nucleus  crowded 
to  one  side.  Many  of  the  nuclei  contain  fat  droplets.  In 
other  places  the  adipose  tissue  is  of  the  embryonic  type,  a 
loose  connective  tissue  containing  cells  partially  filled  by  a 
single  fat  droplet  or  several  smaller  ones. 

Unstriated  muscle  is  present  in  almost  all  parts  of  the 
tumor  as  scattered  narrow  bundles  running  in  different 
directions.  Small  groups  of  striated  muscle  fibers  occur  in 
one  or  two  places.  Small  masses  of  hyaline  cartilage  are 
frequently  seen  and  a  few  of  these  show  bone  formation.  In 
the  spaces  between  bone  trabeculae  no  evidence  of  marrow 
formation  is  found,  though  there  are  large  blood  sinuses. 
Both  bone  and  cartilage  occur  also  in  an  only  partially 
differentiated  state. 

Here  and  there  in  the  tumor  are  small  masses  of  neuroglia. 
These  bear  no  special  relation  to  cysts.  The  neuroglia 
never  forms  a  very  large  part  of  a  section  and  in  numerous 
sections  does  not  occur.  The  masses  vary  much  in  shape ; 
a  few  are  round  or  oval ;  most  are  extremely  irregular.  At 
the  margin  usually  there  is  quite  a  sharp  separation  between 
neuroglia  and  fibrous  tissue,  but  in  places  there  is  an  intimate 
intermingling  of  neuroglia  and  fibrous  tissue  fibrils.  In  such 
places  neuroglia  fibrils  may  extend  for  some  distance  into 
fibrous  tissue  unaccompanied  by  any  demonstrable  neuroglia 
cells. 

Neuroglia  masses  vary  much  in  the  character  and  abund- 
ance of  fibrils.     Some  masses  are  made  up  of  rather  widely 
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separated,  very  fine,  interlacing  fibrils  approaching  in  struct- 
ure the  normal  neuroglia  framework  of  the  human  central 
nervous  system.  Much  more  common  are  rather  coarse 
fibrils,  tending  to  a  parallel  course  in  many  instances,  inter- 
lacing in  others.  A  few  areas  are  made  up  of  very  coarse 
fibrils.  Often  fine  and  coarse  fibrils  are  mingled  in  varying 
proportions.  In  some  cases  the  structure  is  loose  and  there 
are  many  spaces,  in  others  there  is  a  very  dense  feltwork  of 
fibrils.  Most  of  the  fibrils  run  a  straight  or  slightly  wavy 
course.  Here  and  there  are  zigzag  fibrils  or  fibrils  with 
recurved  ends  as  if  an  elastic  fibril  had  been  suddenly 
relieved  of  tension.  Individual  fibrils  are  long,  of  quite 
uniform  contour,  and  do  not  branch. 

Neuroglia  cells  vary  much  both  in  number  &nd  size.  In 
some  foci  they  are  very  sparse,  in  others  numerous.  There 
are  all  gradations  between  a  cell  with  small  round  or  oval 
deeply-staining  vesicular  nucleus  and  very  little  cytoplasm 
and  a  large  cell  with  palely-staining  vesicular  nucleus  and 
large  cytoplasmic  body.  Many  of  the  larger  cells  possess 
several  long  processes  that  can  be  traced  for  some  distance 
among  the  fibrils.  In  places  the  cells  are  roughly  rectangu- 
lar and  closely  crowded  together.  Very  commonly  the 
nuclei  are  eccentrically  placed.  In  many  cells  can  be  seen 
one  or  two  small  granules,  staining  like  the  neuroglia  fibrils, 
often  surrounded  by  a  paler  zone.  The  cytoplasm  of  the 
neuroglia  cells  stains  fairly  deeply  and  has  a  homogeneous 
ground-glass  appearance.  A  few  cells  are  very  large, 
measuring  thirty  to  forty  microns  in  diameter. 

Besides  these  forms  of  differentiated  stroma  there  are  a 
few  small  areas  of  embryonal  mesenchyma,  as  yet  undif- 
ferentiated into  any  definite  form  of  connective  tissue. 

Ganglion  cells  are  found  in  a  few  sections  in  small  groups 
or  somewhat  scattered  in  the  tissue.  The  groups  of  cells 
resemble  spinal  ganglia.  The  cells  have  large  vesicular 
nuclei,  distinct  nucleoli  and  cell  bodies  varying  in  size  from 
twenty  to  forty-four  microns.  Nissl  bodies  occur  though 
the  tissue  was  not  preserved  in  a  way  suitable  for  a  very 
satisfactory  demonstration  of  them.     Many  of  the  cells  have 
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a  distinct  capsule  of  cells  with  flattened  nuclei.  Some  of  the 
cells  show  a  distinct  process  which  can  be  traced  a  short 
distance.  A  single  isolated  large  ganglion  cell,  identical 
with  these  described  here  but  free  of  capsule,  was  found 
in  one  mass  of  tissue  consisting  of  a  dense  network  of 
rather  coarse  neuroglia  fibrils  and  numerous  neuroglia  cells. 

The  tumor  is  moderately  vascular.  The  vessel  walls  are 
thin  for  the  most  part.  Nowhere  in  the  tumor  is  there 
evidence  of  active  cell  multiplication. 

Case  II.  (a  patient  seen  in  consultation  with  Dr.  W.  A. 
Griffin,  of  Sharon,  Mass.)  was  a  boy  of  seventeen,  who  was 
operated  on  about  one  year  after  the  onset  of  symptoms 
referable  to  a  mediastinal  tumor,  and  a  large  mass  of  tissue 
was  removed  from  the  right  thorax.  Complete  removal  of 
the  tumor  was  impossible  and,  after  temporary  improvement, 
there  was  regrowth  of  the  tumor  and  gradual  decline  in  the 
patient's  condition  until  he  died  two  and  one-half  months 
after  the  operation.*  At  operation  there  was  found  a  fairly 
large  cyst  cavity  containing  fluid,  hairs,  and  sebaceous 
material.  Many  solid  masses  projected  into  this  or  were 
connected  with  its  wall.  The  tissue  removed  at  operation 
consisted  of  two  masses  measuring  16  X  8  x  7  centimeters, 
and  8x8x6  centimeters,  and  two  small  masses.  The 
larger  were  devoid  of  epithelial  covering,  gray  flecked 
with  areas  of  pink  or  red,  tough  and  elastic.  The  cut  surface 
showed  many  small  cysts  filled  with  a  viscid,  glairy,  colorless  • 
fluid.  Between  the  cysts  lay  a  grayish,  semi-translucent, 
edematous  tissue,  fairly  homogeneous  in  appearance.  One 
of  the  smaller  masses  was  a  teat-like  process  covered  by 
epidermis  from  which  grew  hairs. 

Numerous  portions  of  this  tumor  were  hardened  in 
Zenker's  fluid  and  ten  per  cent  formalin,  embedded  in  paraffin 
and  sectioned.  The  Zenker  fixed  material,  in  particular,  was 
studied  and  this  was  stained  with  the  eosin  methylene  blue 
and  the  phosphotungstic  acid  hematoxylin  methods. 

Sections  of  the  tumor  contain  many  cysts  from  one-half  to 


*  For  a  more  detailed  clinical  history  see  Griffin,  Boston  Medical  and  Surgical  Jour- 
nal, 1907,  clvi,  9. 
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eight  millimeters  in  diameter.  The  smaller  cysts  are  more 
numerous.  The  distribution  of  cysts  is  not  so  uniform  as  in 
the  preceding  case.  Some  sections  contain  only  a  few  of  the 
smaller  cysts ;  others  are  almost  entirely  made  up  of  cysts 
separated  by  only  the  narrowest  zone  of  stroma.  The  cysts 
vary  in  shape,  round,  oval  or  irregular.  Many  contain 
hyaline  or  granular  coagulum  with  desquamated  epithelial 
cells.  Rarely  a  cyst  is  filled  with  desquamated  cornified 
epithelium. 

Many  6f  the  cysts  are  lined  by  high  cylindrical  epithelium, 
sometimes  as  a  single  layer  of  cells,  more  often  as  several 
layers  in  the  form  of  a  stratified  cylindrical  epithelium. 
Some  of  this  epithelium  is  unciliated,  some  ciliated.  The 
latter  is  relatively  less  common  than  in  the  first  tumor. 
Much  of  the  epithelium  is  of  the  mucous  type  with  goblet 
cells:  A  number  of  cysts  are  lined  by  high  cylindrical 
epithelium  with  a  clear  cytoplasm  as  if  most  of  the  cell  con- 
tent had  been  dissolved  out.  In  this  latter  form  of  epithe- 
lium the  nuclei  of  the  cells  at  times  occupy  uniformly  the 
basal  end  of  the  cell,  at  others  the  distal  end.  All  of  these 
varieties  of  cells  appear  also  in  the  form  of  low  cuboidal 
epithelium,  but  this  is  not  so  common. 

A  few  cysts  are  lined  by  epithelium  of  the  transitional 
type,  by  simple  squamous  epithelium  or  by  squamous 
epithelium  of  the  epidermal  type.  Here  and  there  a  cyst 
shows  numerous  branching  papillary  ingrowths  covered  by 
low  cuboidal  epithelium.  These  cells,  however,  have  only, 
a  very  superficial  resemblance  to  ependyrnal  epithelium. 
There  are  also  numerous  tubular  glands  lined  by  low  or 
high  columnar  epithelium,  not  ciliated.  Many  cysts  show 
several  types  of  epithelium  lining  a  single  cyst. 

Many  of  the  cysts  in  this  tumor  stand  in  close  relation  to 
neuroglia  masses  in  that  their  lining  epithelium  lies  in 
immediate  juxtaposition  to  the  neuroglia.  In  most  cases 
this  epithelium  resembles  that  lining  the  spinal  canal  of  the 
fetus  and  consists  of  a  layer  of  cells  with  round  or  oval  vesic- 
ular nuclei  and  cell  bodies  whose  outlines  for  the  most  part 
cannot  be  made  out.     The  nuclei  have  a  narrow  clear  zone 
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between  them  and  the  cyst  cavity,  in  the  outer  edge  of  which 
are  small  dots  staining  dark  blue  with  phosphotungstic  acid 
hematoxylin.  When  cut  obliquely  an  indistinct  limiting 
membrane  with  polygonal  meshes  can  be  made  out,  in  the 
center  of  each  of  which  lies  a  pair  of  these  dots.  The 
nuclei  lie  close  together,  several  layers  deep,  and  there  is  no 
line  of  demarcation  between  the  lining  epithelium  and  under- 
lying neuroglia.  The  latter  is  of  the  undifferentiated  type 
and  its  cells  have  nuclei  similar  to  those  in  the  cells  lining 
the  cyst.  These  cells  are  most  numerous  in  that  portion  of 
the  neuroglia  near  to  the  cavity.  In  all  of  these  respects 
there  is  a  close  relation  to  the  ependyma  of  the  fetus.  There 
are  also  cysts  lined  by  flattened  cuboidal  epithelium  whose 
individual  cells  are  more  sharply  demarcated  to  form  a 
distinct  layer  lying  on  neuroglia  tissue  but  quite  sharply 
separated  from  it.  These  latter  cells  have  dots  in  their  outer 
end  arranged  in  a  row  and  more  than  two  to  each  cell.  The 
underlying  neuroglia  is  of  a  more  adult  type  with  well- 
developed  fibrils.  This  type,  however,  is  less  common  than 
the  more  undifferentiated  one. 

Besides  cysts  and  glands  lined  by  differentiated  epithelium 
there  are  many  small  cavities  lined  by  epithelium  of  an 
undifferentiated  type.  Cell  outlines  are  very  indistinct  and 
usually  there  can  be  made  out  only  a  clear  zone  of  cyto- 
plasm about  the  cavity  and  deeper  down  several  layers  of 
closely-packed  deeply-staining  round  or  oval  vesicular 
nuclei.  This  layer  is  in  nowise  demarcated  from  an  under- 
lying cellular  stroma.  Neither  epithelium  nor  stroma  is 
sufficiently  differentiated  for  its  nature  to  be  determined. 

In  many  of  the  sections  there  are  small  areas  made  up 
of  columns  and  nests  of  epithelial  cells.  These  are  two  to 
four  cells  thick  and  between  them  run  small  blood  vessels 
and  a  slight  amount  of  connective-tissue  stroma.  These 
cells  are  rectangular  or  polygonal  with  a  finely  granular 
cytoplasm.  The  nuclei  are  vesicular  and  many  contain  a 
distinct  nucleolus-like  chromatin  mass.  Many  of  the  cells 
contain  fat  droplets.  Between  these  cells  frequently  is  seen 
a    narrow    lumen,    staining    in    the    phosphotungstic    acid 
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hematoxylin  preparations  in  the  same  way  as  do  bile 
canaliculi  in  liver  tissue.  These  cells  are  similar  to  those 
described  in  the  first  tumor  as  resembling  liver  cells. 

The  stroma  of  this  tumor  consists  of  all  gradations 
between  embryonal  undeveloped  mesenchyma  and  dif- 
ferentiated tissue.  There  is  cellular  and  cell-poor  fibrous 
tissue,  cartilage,  rarely  bone,  smooth  muscle,  adipose  and 
neuroglia  tissue.  The  more  cellular  less  well  differentiated 
tissues  occur  in  the  more  solid  portions  of  the  tumor,  while 
the  more  adult  types  occur  in  those  portions  in  which  the 
cysts  are  closely  crowded  together. 

Neuroglia  tissue  occurs  in  all  gradations  between  the 
cellular  type  with  a  rare  fine  fibril  and  the  older  type  with 
an  interlacing  meshwork  of  coarser  fibrils.  The  very  coarse 
fibrils  as  described  in  tumor  I.  do  noj  occur  and  all  of  the 
neuroglia  is  quite  cellular.  The  cells  themselves  are  the 
smaller  types  and  rarely  show  more  than  a  slight  rim  of 
cytoplasm  about  the  nucleus,  though  the  latter  may  be  quite 
large.  In  only  a  few  cells  can  a  distinct  dot  or  pair  of  dots 
staining  like  the  neuroglia  fibrils  be  made  out.  Much  of  the 
neuroglia,  especially  the  less  differentiated  types,  is  in  close 
relation  to  cysts  as  already  described.  However,  there  are 
scattered  irregular  masses  in  the  fibrous  tissue  as  in  the  first 
tumor.  Relatively  in  this  tumor  neuroglia  is  very  much 
more  abundant  than  in  the  first  and  in  some  parts  constitutes 
the  bulk  of  the  tumor. 

In  one  section  there  is  a  large  group  of  typical  ganglion 
cells  with  Nissl  granules,  large  nucleus,  distinct  nucleolus, 
and  a  capsule  of  flattened  cells  having  palely  staining 
vesicular  nuclei.  The  tumor  is  moderately  vascular.  In  the 
more  cellular  portions  both  epithelial  and  stroma  cells  show 
numerous  mitoses  but  none  of  atypical  form  as  is  common 
in  malignant  tumors.  These  parts  of  the  tumor  are  evi- 
dently growing  quite  rapidly  and  in  this  respect  resemble 
tissues  of  a  developing  embryo.  Aside  from  this  there  is 
nothing  in  the  tumor  to  suggest  malignancy.  However,  in 
the  absence  of  an  autopsy,  metastasis  cannot  be  excluded, 
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and  metastasis  did  occur  in  the  case  reported  by  Bull,  which 
tumor  in  many  particulars  resembled  this  one. 

In  both  tumors  a  few  areas  of  necrosis  with  fibrin  and 
scant  leucocytes  occur.  Here  and  there  a  moderate  infiltra- 
tion with  plasma  and  lymphoid  cells  is  found. 

The  case  of  Bull  (loc.  cit.)  was  a  boy  of  seventeen,  who 
two  years  before  his  death  began  to  have  shortness  of  breath 
on  exertion.  This  gradually  increased  and  was  accompanied 
by  cough  and  sparse  expectoration.  The  sputum  at  times 
was  blood  streaked.  For  some  six  months  before  his  death 
there  were  severe  symptoms  of  mediastinal  obstruction.  At 
autopsy  a  large  tumor  (15  x  15  centimeters)  was  found 
occupying  the  upper  mediastinum  and  extending  out  into 
the  left  thoracic  cavity.  There  was  also  involvement  of  the 
sternum  and  adjacent  ribs  with  metastases  in  the  left  supra-  and 
infra-clavicular  and  axillary  regions,  in  the  lungs,  and  the 
liver.  The  tumor  mass  contained  great  numbers  of  cysts 
which,  on  microscopic  examination,  were  found  to  be  lined 
with  a  variety  of  epithelium.  The  stroma  consisted  of 
fibrous  connective  tissue,  smooth  muscle,  fat,  cartilage,  bone, 
and  neuroglia.  Some  ganglion  cells  were  found  and  some 
cysts  had  a  pigmented  epithelium  similar  to  the  pigmented 
epithelium  of  the  eye.  In  places  there  were  areas  of  irregu- 
lar epithelial  proliferation.  In  histological  structure  there 
was  a  close  similarity  to  the  tumor  reported  above  (Case  2). 
The  striking  difference  lies  in  the  marked  malignancy  of 
Bull's  case.  The  metastases  were  mainly  of  epithelial 
structure  and  resembled  closely  a  malignant  adenoma. 

These  three  cases  present  a  number  of  similar  character- 
istics and  constitute  a  fairly  definite  group  of  mediastinal 
teratomata.  All  occurred  in  young  adults  (19,  17,  and  17 
years,  respectively),  and  made  their  presence  manifest  by 
symptoms  developing  in  the  period  following  shortly  after 
puberty.  Duration  of  symptoms  was  relatively  short  as  com- 
pared with  most  teratoid  tumors  of  this  region  (3  months, 
1  year,  and  2  years,  respectively.)  The  tumor  grew  from  the 
mediastinum,  but  largely  occupied  the  pleural  cavity  in  each 
case.     The  bulk  of  the  tumors  consisted  of  a  solid  mass  of 
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tissue  containing  many  small  cysts.  The  cysts  were  lined 
bv  a  variety  of  epithelium,  and  between  the  cysts  was 
a  stroma  composed  of  unstriated  muscle,  fat,  cartilage, 
bone,  fibrous  tissue,  and  neuroglia;  the  tumors  thus  made 
up  are  of  great  complexity  of  structure  and  resemble 
in  this  aspect  tumors  which  are  far  more  common  in  ovary 
and  testicle,  and  for  which  the  name  embryomata  has  been 
suggested.  One  case,  that  of  Bull,  was  malignant  in  the 
sense  of  metastasizing,  the  question  of  metastasis  in  another 
is  uncertain  as  no  autopsy  was  permitted ;  in  one,  numerous 
mitoses  indicated  rapid  growth  and  in  many  places  the  tissue 
of  each  was  of  a  fetal  type ;  consequently,  the  group  is  to  be 
regarded  as  malignant  rather  than  benign.  As  to  etiology 
nothing  can  be  said.  However,  such  complex  tumors  occur- 
ring in  the  mediastinum  do  not  justify  the  assumption  for 
ovarian  and  testicular  teratomata  of  a  special  origin  from  the 
sexual  cells  of  these  organs,  an  assumption  that  is  frequently 
made,  but  a  satisfactory  etiological  explanation  for  the  one 
should  explain  the  other.  However,  it  is  not  the  province 
of  this  paper  to  discuss  the  hypotheses  which  have  been 
advanced  to  explain  the  origin  of  teratomata. 

[This  work  was  done  in  the  Sears  Laboratory  of  Pathology  of  the 
Harvard  Medical  School,  to  the  Director  of  which  I  take  pleasure  in 
expressing  my  thanks  for  the  facilities  there  furnished  me.] 
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PREFACE. 


NOTE. 

In  an  article  which  appeared  after  this  had  gone  to  press 
(Ueber  ein  Komplexes  Haemolysin  der  Bauchspeicheldruse, 
by  Dr.  U.  Friedemann,  in  the  Deutsche  Medizinische  Wo- 
chenschrift,  No.  15,  1907),  there  is  a  very  striking  confirma- 
tion of  the  findings  in  the  present  research.  Friedemann 
found  that  an  extract  of  beef  pancreas,  when  activated  by 
guinea-pig  serum  (probably  a  lecithin  component),  was 
hemolytic  for  the  red  cells  of  the  same  species.  The  extract 
played  the  part  of  an  amboceptor,  and  could  be  exhausted 
of  its  active  substance;  the  guinea-pig  serum  acted  like  com- 
plement. In  the  presence  of  the  serum  of  the  ox,  however, 
the  reaction  fails  to  occur. 

It  is  evident  that,  substituting  an  alien  serum  for  red  blood 
cell  derivative  (R.B.C.D.)  the  results  are  identical.  It  is, 
of  course,  possible  that  serum  contains  the  same  lecithin-like 
substance  as  does  R.B.C.D. 

See  also,  Proc.  Soc.  Ex.  Med.  and  Biology,  IV.,  Dec.  19, 
1906. 


the  peritoneal  cavity,  and  this  led  to  the  examination  of  those 
organs  in  which,  supposedly,  the  macrophages  have  their 
origin.      "  The    lymphatic    glands  of    the    mesentery,  the 

*  Received  for  publication  April  9, 1907. 
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glandular  portion  of  the  omentum,  and  the  spleen,  the  three 
preeminently  macrophagic  organs,"  were  therefore  removed 
from  guinea-pigs,  extracted  in  salt  solution,  and  their  diges- 
tive effect  tested  upon  the  red  blood  corpuscles  of  the  goose. 
It  was  found  that  the  extracts  brought  about  solution  of  the 
hemoglobin ;  and,  further,  that  they  lost  their  activity  when 
subjected  to  a  temperature  of  5 6°  C.  for  three-quarters  of 
an  hour.  This  investigation  was  then  taken  up  in  greater 
detail  by  Tarassevitch  17  of  the  Pasteur  Institute,  who  con- 
firmed and  amplified  the  results  of  Metchnikoff.  He  found 
that  the  macrophagic  organs,  and  the  pancreas,  and,  in  a 
less  degree,  the  submaxillary  glands  of  guinea-pigs,  rabbits, 
and  dogs,  possess  a  hemolytic  action  upon  the  red  cells  of 
birds,  and  of  certain  mammals.  Moreover,  the  digestive 
ferment  of  these  organs  in  solution  is,  as  stated  by  Metch- 
nikoff, thermolabile  at  560  C. ;  the  entire  extract,  which  is, 
in  reality,  partly  a  solution  of  organ  ferments,  and  partly  an 
emulsion  of  organ  particles,  is  thermolabile  at  slightly  higher 
temperatures  (58.5°-62°  C),  owing  to  the  relative  inacces- 
sibility of  the  solid  particles  to  heat.  Similar  results  were 
obtained  by  Klein  4  and  by  Shibayama.15 

The  Frankfort  Institute,  under  the  direction  of  Ehrlich, 
now  became  interested  in  a  line  of  research  which  promised 
to  disclose  the  origin  of  the  "complements  "  of  the  serum, 
and  in  1 902  Morgenroth  and  Korschun5  published  an  elabo- 
rate  paper  on  the  hemolytic  properties  of  organ  extracts. 
They  reached  the  conclusion  that  the  organ  extracts  do  not 
act  in  a  manner  at  all  comparable  to  that  of  the  hemolysins 
of  the  serum,  with  which  it  had  been  the  object  of  the 
French  school  to  identify  them.  This  differentiation  they 
base  on  the  fact  that  the  hemolytic  substances  of  the  organ 
extracts  are,  in  the  first  place,  coctostable,  and  not,  as  had 
been  asserted  by  previous  investigators,  destroyed  by  a  tem- 
perature below  62. 50  C.  These  hemolysins  are,  moreover, 
soluble  in  alcohol,  are  not  complex,  in  the  sense  of  an 
amboceptor-complement  reaction,  and  are  not  able  to  excite 
the  production  of  anti-bodies.  In  spite  of  these  facts,  they 
regard  the  selective  action  of  the  extracts  on  certain  species 
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of  blood  cells,  and  their  inactivity  towards  others,  as  indica- 
tive of  a  '•  certain  specificity,  which  is  of  special  biological 
interest."  They  further  draw  attention  to  the  fact  that  the 
organ  extracts  are  able  to  dissolve  the  blood  cells  of  the 
same  species,  and  even  of  the  same  individual  from  which 
they  are  derived. 

At  this  point,  investigation  into  the  hemolytic  properties 
of  organ  extracts  ceased  to  attract  further  attention,  and 
interest  shifted  to  the  action  of  the  extracts  made  from 
tumors.  It  had  always  been  common  knowledge  that  a 
characteristic  of  malignant  tumors  was  to  produce  cachexia 
and  secondary  anemia  in  their  victims.  Marchand8  inter- 
preted the  necroses,  thromboses,  hemorrhages,  and  round 
cell  infiltration  of  these  tumors  as  evidences  of  a  toxic  influ- 
ence. He  went  even  further;  he  suggested  that  the  disturb- 
ance of  tissue  equilibrium,  to  which  Weigert  had  attributed 
the  rapid  advance  of  tumor  cells,  was  due  to  the  destructive 
influence  of  this  toxic  substance  on  the  surrounding  tissues. 
It  has  frequently  been  suggested  that  the  anemia  of  tumors  is 
probably  due  to  the  action  of  some  toxin  elaborated  by  the 
tumor,  and  diffused  into  the  circulating  blood.  The  urobi- 
linuria,  which  accompanies  certain  of  the  malignant  tumors, 
and  the  peculiar  resistance  of  the  red  blood  cells  to  anistonic 
solutions  in  malignant  cachexia,  have  been  cited  in  evidence 
of  the  existence  of  some  such  toxic  influence  on  the  blood 
cells.  During  the  last  ten  years  the  problem  of  demonstrat- 
ing the  existence  of  such  toxins,  and  of  determining  their 
manner  of  action,  has  been  approached  by  a  variety  of 
methods.  The  study  of  the  toxicity  of  the  urine,  of  the 
autolytic  products,  and  of  the  ferments  of  tumors  has  not, 
however,  tended  to  explain  their  hemolytic  activity.  It  is 
only  since  the  year  1902  that  this  problem  has  been 
approached  by  means  of  what  might  be  described  as  a 
direct  method,  i.e.,  the  study  of  the  effect  of  the  extracts  of 
the  tumors  upon  emulsions  of  the  red  cells  in  vitro.  Up  to 
the  present  time,  three  researches  devoted  to  this  method 
of  investigation  have  appeared,  and,  in  addition,  a  number 
of  isolated  observations  are  scattered  through  the  literature. 
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The  hemolytic  effect  of  tumors  was  first  tested  in  1902, 
by  U.  G.  Panzacchi.  He  made  use  of  a  cancer  of  the  rec- 
tum, an  ulcerated  cancer  of  the  breast,  a  glandular  metasta- 
sis of  a  cancer  of  the  breast,  an  adenoma  of  the  breast,  and 
a  sarcoma  of  the  breast.  These  tumors  were  tested  upon 
the  blood  cells  of  various  mammals.  All  of  them  proved 
to  be  hemolytic.  In  one  case  only  was  the  extract  inacti- 
vated by  exposure  to  55°  C.  for  one-half  hour.  In  1903 
Micheli  and  Donati13  examined  ten  cancers,  four  sarcomas, 
and  one  endothelioma.  Of  these  seven  were  inactive,  five 
hemolysed  all  the  blood  tested,  and  three  hemolysed  some, 
but  not  all.  None  of  these  extracts  were  thermostable,  or 
soluble  in  alcohol. 

In  1904,  Kullmann,6  in  Germany,  published  a  very  long 
paper  on  the  same  subject.  He  prepared  extracts  of  freshly 
removed  cancers  of  the  breast  and  uterus,  and  tested  them 
on  the  washed  red  cells  of  man,  rabbit,  sheep,  and  dog. 
In  every  case  he  obtained  hemolysis,  and  this  led  him  to 
the  belief  that  the  toxin  is  a  general  and  not  a  specific 
hemolysin.  He  further  states  that  the  hemolysin  is  ther- 
mostable, but  this  conclusion  does  not  seem  to  be  borne 
out  by  an  examination  of  his  own  tables.  They  show  that 
it  takes  from  three  to  twelve  times  as  long  for  complete 
hemolysis  to  occur  after  heating  the  filtrate  to  560  C.  for  one 
hour;  after  heating  to  720  the  end  of  the  reaction,  if  it 
occurred  at  all,  is  not  even  noted.  He  believes  that  a  better 
test  of  the  thermostability  is  the  activity  of  the  so-called 
Stammacerat,  which  had  been  kept  for  from  seven  to  eight 
weeks  in  thymol-glycerin.  Such  preservation  amounts  to 
antiseptic  autolysis,  and  it  is  quite  clear  that  such  a  fluid 
must  contain  numerous  substances  not  present  in  the  original 
tissue  or  extract.  It  is,  therefore,  incorrect  to  assume  that 
the  more  active  hemolysis  in  the  latter  tests  is  due  to  the 
retention  of  hemolytic  substances  by  the  cells.  The  auto- 
lysed  fluid  probably  contained  a  large  number  of  substances 
variously  affected  by  heat;  nevertheless,  the  author  found 
that  heating  to  720  for  one  hour  delayed  hemolysis  by 
twenty-four   times   the   period    required    for   the    unheated 
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extract,  and  heating  to  ioo°  C,  to  two  hundred  and  sixty- 
four  times  the  period.  Kullmann  further  asserts  that  these 
hemolysins  are  not  complex,  as  proven  by  their  complete 
absorption  by  red  cells  in  the  cold,  with  subsequent  hemoly- 
sis. Unfortunately  this  conclusion  is  based  on  the  miscon- 
ception that  the  isolation  of  amboceptor  from  complement 
by  absorption  in  the  cold  is  in  every  case  possible  — an  idea 
which  has  been  repeatedly  corrected  by  Ehrlich.  Finally,  he 
found  that  the  injection  of  these  extracts  did  not  give  rise  to 
the  production  of  hemolysins,  just  as  Morgenroth  had  found 
of  the  organ  extracts.  On  the  contrary,  he  found  that  his 
injections  resulted  in  the  production  of  a  specific  hemolysin 
for  human  blood,  which  had  all  the  characters  of  a  typical 
amboceptor.  This  result  is  precisely  in  accord  with  known 
facts  regarding  the  production  of  specific  hemolysins  from 
"  blood  free "  organ  extracts.  Kullmann's  belief  that  there 
was  too  little  blood  included  in  this  macerate  to  account  for 
this  will  hardly  be  considered  tenable  in  the  face  of  such  a 
result.  At  all  events,  the  presence  of  such  a  powerful  hem- 
olysin in  the  serum  would  be  sufficient  to  obscure  that  of  an 
anti-hemolysin.  It  is,  therefore,  quite  clear  that  the  main 
conclusions  drawn  by  Kullmann  from  his  own  work  cannot 
be  accepted  in  the  terms  in  which  he  formulates  them. 

Experimental.  Organ  extracts.  —  The  organs  in  the 
present  experiments  were  the  kidney  and  liver  of  dogs, 
which  were  tested  as  to  their  hemolytic  activity  exclusively 
on  the  red  cells  of  the  same  species.  The  freshly  removed 
organs  were  at  once  chopped  up  and  crushed  in  a  mortar. 
They  were  mixed  with  ten  times  their  weight  of  a  physiological 
salt  solution,  and  either  shaken  or  stirred  mechanically  for  two 
hours.  Their  action  was  tested  immediately,  or  after  a  further 
sojourn  of  ten  hours  to  three  days  in  the  ice-box,  as  stated 
in  case  of  each  experiment.  The  blood  was  freshly  drawn, 
generally  by  aspiration  from  the  external  jugular,  washed 
with  salt  solution  by  means  of  the  centrifuge,  and  diluted  to 
a  one  per  cent  suspension  in  physiological  salt  solution.  The 
serum  removed  by  centrifugation  was  further  used  in  the 
experiments. 
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The  first  series  of  experiments  demonstrated  very  clearly 
the  fact  that  extracts,  prepared  as  above  described,  exhibit  a 
remarkable  diversity  of  action.  Kidney  extracts,  which  had 
throughout  been  subjected  to  the  same  methods  of  treat- 
ment, manifested  either  very  marked  hemolytic  activity,  or 
slight  activity,  or  even  none  at  all.  There  was  no  apparent 
cause  for  these  variations,  and  yet  they  had  been  noticeable 
in  the  work  of  previous  investigators.  Metchnikoff  states : 
"  The  extract  from  the  spleen  is  active  in  only  a  limited 
number  of  cases."  Klein  found  that  "  the  only  constant 
effect  was  the  hemolytic  action  of  the  pancreas,  and  that  in  a 
few  cases  the  extract  of  kidney  and  of  intestinal  mucosa  also 
dissolved  the  red  blood  cells."  Korschun  and  Morgenroth 
note  that  in  some  cases  the  dog's  spleen  showed  itself  very 
active,  in  others  absolutely  inert.  It  is  evident  that  a  rational 
explanation  of  the  hemolytic  activity  of  organ  extracts  must 
take  account  of  a  variability  so  general  and  so  striking,  unless 
.  the  whole  reaction  is  to  be  put  upon  the  plane  of  purely 
accidental  phenomena. 

Organ  extracts  are  very  evidently  not,  as  they  are  called, 
simply  the  extracts  of  the  organ  tissues.  Tn  addition,  there 
is  mingled  with  the  tissues  proper  a  variable  amount  of 
blood,  which  may,  or  may  not  act  as  a  complicating  factor. 
It  would,  however,  seem  probable  that  the  presence  of  a 
considerable  number  of  red  corpuscles  in  the  mixture  itself 
might  lead  to  an  absorption  of  the  hemolysins  derivable 
from  the  tissues,  and  so  vitiate  the  results  of  an  experiment 
designed  to  ascertain  their  presence.  The  most  thorough- 
going attempt  to  exclude  this  factor  was  made  in  the  exper- 
iments of  Korschun  and  Morgenroth,  who  exsanguinated 
their  animals;  most  of  the  other  authors  have  simply  washed 
the  fragments,  after  cutting  the  organ  into  small  pieces. 
Now,  it  may  very  easily  be  demonstrated,  either  by  means  of 
smears  or  of  microscopic  sections,  that  exsanguination  is  a 
most  imperfect  method  of  getting  rid  of  the  blood  in  an 
organ.  By  either  method,  large  numbers  of  red  cells  will  be 
found  to  be  present  in  the  organ. 

In  the  present  series  of  experiments,  the  attempt  was  made 
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to  render  the  organ  as  far  as  possible  bloodless,  and  then  to 
determine  the  effect  of  additions  of  red  cells,  serum,  and 
white  cells,  separately,  to  the  salt  solution  extracts  of  such 
bloodless  organs.  The  method  of  removing  the  organs  was 
to  free  the  kidney,  which  seemed  alone  practicable  for  these 
tests,  under  ether;  dissect  out  the  vessels;  cut  the  arteries 
distal  to  a  clamp ;  introduce  and  tie  a  canula  into  a  vein,  and 
to  pass  a  prolonged  and  constant  stream  of  salt  solution 
through  the  organ.  Such  a  kidney  is,  to  all  appearances, 
bloodless,  certainly  much  more  nearly  so  than  is  the  organ 
of  an  exsanguinated  animal.  Extracts  were  made  of  this 
organ,  and  were  always  compared  with  extracts  of  the 
opposite  kidney,  taken  out  without  the  preliminary  perfusion. 
The  action  of  bloodless  and  of  bloody  kidney  extracts, 
as  they  are  denominated  in  the  following  experiments,  are 
always  markedly  different. 

The  experiments  given  in  the  following  table  are  types  of  a  series. 
To  one  cubic  centimeter  of  a  one  per  cent  suspension  of  red  cells  there 
has  been  added  one  cubic  centimeter  of  organ  extract  in  the  dilutions 
given  in  the  left-hand  column.  The  tubes  were  left  in  the  incubator  for 
two  hours,  and  then  in  the  ice-box  for  sixteen  hours.  The  table  shows 
the  degree  of  hemolysis  at  the  end  of  this  period. 


1-  4.. 
1-  8.. 
1-16.. 

1-32.. 
1-64.. 


Dog  1. 


Bloodless. 
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Dog  2. 


Bloodless. 

Bloody. 
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Slight. 

Dog  3. 


Bloodless.         Bloody 


Slight. 
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Slight. 


These  experiments  indicate  that  the  presence  of  blood  in 
the  organ  extract  may  make  a  very  considerable  difference 
in  the  end  reaction ;  and  they  also  show  that  the  end  reaction 
is  not  always  affected  by  this  factor  in  an  identical  fashion, 
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although  as  a  rule  it  increases  the  hemolytic  power  of  the 
extract.  The  last  two  of  the  series  above  quoted  may  be 
taken  as  the  type  of  a  series  in  which  it  appears  that  the 
bloody  organ  may  contain  an  inhibitory  factor,  which  com- 
pletely prevents  the  occurrence  of  hemolysis  in  the  lower 
dilutions.  The  possibility  that  the  increased  hemolysis  in 
bloody  organs  may  be  due  to  the  presence  of  a  large  number 
of  red  cells,  those  present  in  the  organ  being  superadded  to 
those  present  in  the  one  per  cent  emulsion,  may  be  at 
once  disposed  of,  in  view  of  the  fact  that  the  centrifuged 
extracts,  in  which  no  red  cells  are  present,  manifest  the  same 
differences. 

It  seemed  necessary,  therefore,  to  make  a  further  analysis 
of  the  elements  concerned.  For  this  purpose,  the  influence 
of  red  cells,  white  cells,  and  serum  upon  the  reaction  had  to 
be  separately  investigated.  The  white  cells  were  obtained 
by  inducing  subcutaneous  turpentine  abscesses  in  dogs ; 
three  or  four  days  later  the  pus  was  aspirated,  and  the  action 
of  the  pus  cells,  and  also  of  a  sodium  chloride  extract  of  the 
pus  cells,  was  ascertained  by  adding  them  to  the  bloodless 
organ  extract.  As  an  example  of  the  effect  of  the  addition 
of  these  various  elements  to  the  organ  extracts,  the  following 
experiment  is  cited :  To  separate  equal  portions  of  an 
extract  from  a  bloodless  kidney  there  was  added  in  one  case, 
washed  red  cells;  in  a  second,  serum;  in  a  third,  extract 
of  white  cells,  and  in  a  fourth,  full  blood.  After  digest- 
ing in  the  refrigerator  for  sixteen  hours,  the  clear  super- 
natant fluid  was  drawn  off  and  its  hemolytic  activity  tested 
on  a  one  per  cent  emulsion  of  red  cells.  The  plain  extract 
was  markedly  hemolytic.  The  portion  to  which  the  red  cells 
had  been  previously  added  was  slightly  hemolytic,  while  the 
portions  containing  white  cell  extract,  serum,  or  full  blood 
were  inactive.  It  is  therefore  apparent  that  the  various  con- 
stituents of  the  blood  affect  the  hemolytic  activity  of  kidney 
extracts  in  very  different  fashion. 

Serum. — The  addition  of  serum  inhibits  the  hemolytic 
reaction,  and  this  even  when  added  in  very  small  amounts. 
The  same  fact  has  been  noted  by  Korschun  and  Morgenroth, 
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and  by  Micheli  and  Donati,  the  former  of  whom  attri- 
bute it  to  "  the  existence  of  a  complex  of  substances  hav- 
ing an  anti-reactive  action,  and  not  to  anti-bodies  in  the 
proper  sense.,,  In  this  connection  it  is  interesting  to  note 
the  results  of  Opie,  and  of  Mueller  and  Jochman,  who  found 
that  serum'  when  added  to  leucocytes  inhibits  their  digestive 
activity.  Morgenroth,  however,  found  that  serum  retained 
this  power  even  when  heated  to  the  boiling  point,  whereas, 
according  to  Opie,  it  loses  it  at  750  C. 

Full  blood.  —  The  addition  of  the  full  blood  to  the  blood- 
less organ  extracts  also  results  in  an  inhibition  of  the  hemo- 
lytic activity  of  the  supernatant  fluid. 

Red  cells.  —  The  addition  of  washed  red  cells  in  quantity 
to  the  organ  extract  diminished  its  hemolytic  activity.  This 
may  be  explained  as  due  to  the  absorption  of  the  hemolysins 
of  the  extract  by  the  red  cells,  an  interpretation  which  is 
amply  supported    by  other  experiments  subsequently  cited. 

Absorption  by  the  excess  of  red  cells  and  the  existence  of 
the  inhibitory  factors  in  the  serum  doubtless  explains  the 
fact  that  the  extracts  of  bloody  organs  frequently  fail  to 
hemolyze  or  do  so  only  in  the  higher  dilutions. 

The  experiments  hitherto  cited,  however,  offer  no  explana- 
tion of  the  fact  that  the  bloody  extracts,  as  a  rule,  hemolyze 
much  more  strongly  than  do  the  bloodless  extracts.  If  the 
extracts  from  blood-containing  organs  are  examined  after 
removal  of  all  solid  particles,  including  red  cells,  by  centrifu- 
gation,  they  are  found  to  be  strongly  stained  by  hemoglobin, 
demonstrating  the  disintegration  and  solution  of  enormous 
numbers  of  red  cells.  This  is  due  to  the  process  of  grinding 
and  stirring  to  which  such  organs  must  be  submitted  in  the 
preparation  of  the  extracts.  The  substances,  which  have 
been  denominated  collectively  as  R.B.C.D  (red  blood  cell 
derivative),  should,  on  the  analogy  of  the  previous  experi- 
ments, be  separately  prepared,  and  then  added  to  the 
extracts  of  bloodless  organs,  in  order  to  test  their  effect  upon 
hemolytic  activity.  The  following  method  of  preparation  of 
R.B.C.D.  was  adopted  :  One-half  cubic  centimeter  of  washed 
red  cells  was  dissolved  in  one  hundred  cubic  centimeters  of 
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distilled  water,  arid  to  this  was  added  one  hundred  cubic 
centimeters  of  a  1.7  per  cent  salt  solution,  which  makes 
a  one-fourth  per  cent  solution  of  red  cells  in  normal  salt 
A  somewhat  more  effective  solution  can  be  obtained  by 
extracting  red  cells  in  normal  salt  for  several  days  in  the 
cold.  As  the  result  of  a  large  number  of  experiments  in 
which  the  effect  of  the  addition  of  R.B.C.D.  to  various  organ 
extracts  has  been  tested  the  following  conclusions  have  been 
drawn : 

1.  R.B.C.D.  alone  possesses  no  hemolytic  power  above 
that  of  a  normal  salt  solution. 

2.  R.B.C.D.  added  to  the  extract  of  a  bloodless  organ 
increases  the  hemolytic  activity  very  materially  in  nearly 
every  case. 

3.  An  inert  kidney  extract  is  not  invariably  activated  by 
R.B.C.D.  This  is  due  to  the  presence  of  some  complicating 
factor  such  as  the  admixture  of  blood. 

4.  Occasionally  there  is  a  positive  reaction  only  in  the 
higher  dilutions,  a  phenomenon  to  be  explained  by  the 
attenuation,  in  higher  dilutions,  of  the  anti-hemolytic 
constituents  such  as  the  serum.  (The  activating  effect  of 
R.B.C.D.  has  already  been  noticed  by  Polk,14  who  found  that 
it  markedly  increased  the  hemolytic  power  of  serum.) 

v  It  is  therefore  quite  clear  that  the  final  hemolytic  effect 
of  the  extract  from  a  bloody  kidney  will  depend  upon  a 
resultant  of  forces,  of  which  the  organ  extract  and  the 
R.B.C.D.  act  in  a  positive  sense,  the  serum  and  the  W.B.C.D. 
in  a  negative  manner.  The  reactions  are,  on  this  account, 
very  complex,  and  the  results  can  never  be  foretold.  Herein 
lies  the  explanation  of  the  variability  in  the  action  of 
organ  extracts. 

If  the  hemolysis  is  occasionally  increased,  and  always 
hastened,  by  the  presence  of  R.B.C.D.  in  bloody  organ 
extracts,  the  question  arises  whether  this  element  is  not  an 
essential  factor  in  every  hemolytic  reaction  by  means  of  such 
extracts.  That  this  might  very  well  be  the  case  is  evident 
from  the  fact  that  that  R.B.C.D.  must  necessarily  spontane- 
ously appear  in  every  reaction  in  which  an  emulsion  of  red 
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cells  is  employed.  It  is  therefore  practically  impossible  to 
exclude  this  element,  and  extremely  difficult  to  test  its  part 
•in  the  reaction.  The  following  experiment,  performed  upon 
the  model  of  Ehrlich's  well-known  reactions,  indicates  indi- 
rectly the  manner  of  interaction : 

Experiment  341.  —  Five  cubic  centimeters  of  extract  of  bloodless  kid- 
ney is.  added  to  the  same  amount  of  a  fresh  one  per  cent  emulsion  of  red 
cells.  These  were  left  in  the  incubator  for  one  hour  and  then  centrifuged. 
The  supernatant  fluid  was  added  to  an  equivalent  amount  of  red  cells ;  in 
this  no  hemolysis  occurred.  The  sedimented  cells  were  mixed  with  five 
cubic  centimeters  of  salt  solution,  and  half  of  them  added  to  an  equal 
amount  of  R. B.C. D.,  the  other  half  left  in  the  salt  solution ;  the  former 
hemolysed  strongly,  the  latter  only  slightly.  A  more  elaborate  experi- 
ment on  the  same  type  was  done  with  tumors  with  the  same  result ;  it  is 
detailed  under  another  heading  (tumor  extracts) . 

These  experiments  indicate  the  existence  of  a  double 
reaction,  in  which  the  hemolytic  element  of  the  organ 
extract  first  unites  with  the  blood  cells,  but  is  incapable  by 
itself  of  producing  their  solution;  the  reaction  is  completed 
by  the  addition  of  R.B.C.D.  Further,  the  organ  extract 
may  be  exhausted  of  its  hemolysin  by  absorption  and  is  then 
inert.  There  is  here  an  apparent  analogy  with  the  hemo- 
lyses of  the  "  amboceptor-complement  "  type.  It  may  here 
be  pointed  out  that  a  similar  function  of  the  red  cells  has 
been  discovered  by  Spangaro.16  He  found  that  the  destruc- 
tion of  anthrax  bacilli  by  the  serum  is  only  accomplished  in 
the  presence  of  red  cells.  Polk's  statement  has  already  been 
cited.  The  objection  raised  by  Kullmann  to  this  conception 
of  organ  hemolysis  in  general  —  namely,  that  it  was  com 
pleted  in  the  cold  —  has  been  noticed  and  disposed  of. 
Much  more  serious  are  the  objections  urged  by  Korschun 
and  Morgenroth,  who  also  made  an  experiment  to  determine 
the  possibility  of  separating  a  hypothetical  amboceptor  and 
complement.  In  summarizing  their  experiment,  they  make 
the  following  statement:  "  We  see,  therefore,  that  at  o°  the 
single  solvent  dose  has  been  completely  anchored  by  the 
blood  cells  and  that  after  centrifuging  this  leads  to  complete 
solution  at  higher  temperatures ;   double  the  solvent  dose  is 
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still  completely  anchored  by  the  blood  ceils.  This  condi- 
tion of  affairs  does  not  at  all  correspond  to  the  behavior 
of  the  complex  hemolysis  of  serum."  More  recent  pub- 
lications, however,  have  withdrawn  the  framework  which 
supports  their  conclusion.  In  an  article  on  "  Methods  of 
Studying  Hemolysins  "  Morgenroth18  states:  "  Ehrlich  and 
Morgenroth  have  demonstrated  that  the  binding  capacity  of 
red  cells  varies  to  an  extraordinary  degree.  While  in  many 
combinations  the  blood  cells  combine  with  just  that  amount 
of  amboceptor,  which  on  the  addition  of  suitable  comple- 
ment leads  to  their  complete  solution  (amboceptor  unit),  it 
was  found  that  in  numerous  other  cases  the  blood  cells  are 
able  to  take  up  as  high  as  one  hundred  single  solvent  doses 
of  amboceptor." 

The  thermostability  of  organ  extracts  has  been  defended 
by  Korschun  and  Morgenroth,  and  denied  by  Metchnikoff 
and  by  Tarassevitch.  These  discrepancies  have  been  attrib- 
uted by  some  of  the  authors  to  differences  of  technic,  but 
the  fact  that  they  have  frequently  manifested  themselves  in 
the  same  manner  in  a  long  series  of  experiments  conducted 
in  identically  the  same  fashion  demonstrates  that  some  other 
factor  must  be  responsible  for  the  variability.  As  has  been 
shown,  there  are  a  number  of  factors  concerned  in  the  reac- 
tion, the  existence  of  which  had  not  been  previously  deter- 
mined ;  inasmuch  as  these  factors  are  partly  hemolytic  and 
partly  anti-hemolytic,  it  is  obvious  that  the  end  result  of 
heating  a  mixture  of  them  will  be  in  considerable  part  deter- 
mined by  their  individual  reaction  to  that  procedure.  The 
various  factors  were,  therefore,  tested  alone  upon  red  cells, 
after  subjecting  them  to  50°,  750,  and  ioo°,  for  twenty 
minutes.  It  w.as  found  that  R.B.C.D.,  which  is,  of  course, 
non-hemolytic,  gains  no  hemolytic  power  by  being  subjected 
to  heat.  W.B.C.D.,  in  dilutions  such  as  to  induce  no  hemoly- 
sis, likewise  does  not  acquire  that  power  by  the  action  of 
heat.  Boiling  the  organ  extract  itself  markedly  diminishes 
its  hemolytic  activity,  but  it  is  still  capable  of  being  activated 
by  the  addition  of  fresh  R.B.C.D.  It  is  pointed  out  that 
the  loss  of  R.B.C.D.  by   boiling  is   always   replaceable   by 
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that   which  soaks    out   of  the    red    cells   employed    in   the 
reaction.  f 

Study  of  tumor  extracts.  —  The  material  made  use  of 
was  derived  from  dogs  which  had  been  artificially  inoculated 
with  a  tumor  of  the  sarcoma  group,  which  has  been  fully 
described  by  Ewing.2  A  considerable  number  of  these 
tumors,  in  various  stages  of  growth,  were  removed  for  the 
purposes  of  these  experiments. 

The  tumors  of  strain  I.  were  artificial  implantations  from  a 
sarcoma  of  the  vagina.  Strain  II.  was  a  tumor  removed 
from  tne  breast  of  a  bitch  and  belonged  to  the  carcinoma 
group.  The  excised  tumors  were  immediately  subjected  to 
the  same  manipulations  as  were  the  organs  in  the  previous 
series  of  experiments.  The  dilutions,  1:10  of  salt  solution, 
were  also  in  the  same  ratio. 

A  fact  which  at  once  became  prominent  was  the  marked 
difference  in  the  hemolytic  power  of  necrotic  as  compared 
with  non-necrotic  tumors  of  the  same  strain,  or  of  necrotic 
and  non-necrotic  portions  of  the  same  tumor.  This  fact  is 
illustrated  by  the  following  experiments:  Two  tumors  were 
removed  from  the  same  animal,  one  of  the  tumors  being 
necrotic,  the  other  firm  and  hard.  The  extract  of  the  former 
proved  to  be  very  slightly  hemolytic,  while  the  latter  hemo- 
lysed  in  a  dilution  of  one  to  forty  after  two  and  one -half 
-hours  in  the  incubator,  and  in  a  dilution  of  one  to  six  hun- 
dred and  forty  after  twenty  hours  more  in  the  ice-box.  It 
was  this  fact  which  instigated  a  series  of  experiments  upon 
autolysed  organs  and  tumors. 

It  very  soon  became  quite  clear  that  the  tumor  extracts  were 
as  a  rule  much  more  active  than  the  kidney  extracts.  This 
result  is  possibly  attributable  to  their  higher  cellular  content, 
possibly  to  the  fact  that  the  tumor  extracts  also  contained 
blood.  This  admixture  of  blood  could  not,  of  course,  be 
avoided  as  in  the  case  of  the  kidneys;  on  the  other  hand, 
these  tumors  are  so  poorly  vascularized  that  the  proportion 
of  blood  in  the  extracts  is  relatively  much  smaller  than  in 
the   organs.     The    main  facts  regarding   the  interaction  of 
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tumor  extract  and  of  the  various  constituents  of  the  blood 
in  the  production  of  hemolysis,  as  they  were  found  to 
maintain  in  the  case  of  organ  extracts,  were  verified  also  in 
the  case  of  tumors. 

TUMOR  EXTRACTS  AND  R.B.C.D.  —  As  the  result  of  a  con- 
siderable number  of  experiments  it  has  been  found  that 
R.B.C.D.  increases  the  action  of  non-necrotic  tumor  extracts 
to  a  very  marked  degree,  but  that  boiling  the  R.B.C.D.  prac- 
tically inhibits  its  power.  Tumor  extract  alone  acts  much 
more  weakly  and  slowly.  R.B.C.D.  also  has  no  hemolytic 
power  when  added  alone  to  the  red  cells. 

The  manner  of  interaction  of  these  factors  is  illustrated  in 
the  following  set  of  experiments : 

351.    One  per  cent  blood  +  salt  solution,  equal  parts. 
3$2.    One  per  cent  blood  +  R.B.C.D.,  equal  parts. 

353.  One  per  cent  blood  which  had  been  subjected  to  the  action  of 
tumor  extract  for  one  hour  in  the  incubator  and  then  centrifuged,  -f-  salt 
solution,  equal  parts. 

354.  One  per  cent  blood  as  in  353,  +  R.B.C.D.,  equal  parts. 

355.  One  per  cent  blood  -|-  absorbed  tumor  extract,  equal  parts. 
357.     One  per  cent  blood  +  tumor  extract.  1 

The  hemolysis  in  Experiment  357  was  marked;  in  Experi- 
ment 354  it  was  very  strong;  in  all  the  other  experiments  the 
reaction  was  very  slight.  Thus  it  is  evident  that,  as  in  the 
case  of  organ  extracts,  the  R.B.C.D.  serves  to  complete  the 
hemolysis  of  the  tumor  extract,  but  is  in  itself  inactive. 

The  effect  of  the  addition  of  serum  was  illustrated  in 
Experiment  356,  in  which  equal  parts  of  serum  and  of  tumor 
extract  were  added  in  one  per  cent  blood;  the  hemolysis 
was  very  slight. 

The  addition  of  a  dilute  emulsion  of  leucocytes  was  tested 
twice,  and  in  both  cases  produced  a  marked  diminution  of 
hemolytic  activity  in  the  tumor  extract. 

Thermostability.  —  In  a  long  series  of  experiments  upon 
the  effect  of  various  degrees  of  heat  on  the  hemolytic  activ- 
ity of  tumor  extracts,  it  was  found   that  the  reactions  are 
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extremely  complex  —  much  more  so  than  is  the  case  with 
organ  extracts.  The  cause  of  this  complexity  is,  in  all  prob- 
ability, the  admixture  of  blood.  At  all  events,  subjection 
to  a  temperature  above  jo°  C.  usually  results  in  the  forma- 
tion of  an  entirely  new  set  of  bodies,  which  act  as  anti-hemoly- 
sins,  and  may  sometimes  be  removed  by  dialysis  or  by 
filtration.  These  bodies  may  be  compared  to  the  auxilysins 
of  Manwaring.  It  seems,  on  the  whole,  that  extracts  of 
tumors,  like  those  of  organs,  retain  their  hemolytic  power, 
in  spite  of  subjection  to  a  boiling  temperature,  and  that  the 
boiled  hemolysins  are  likewise  capable  of  •'  activation "  by 
the  extract  of  red  cells.  The  individual  experiments  are  too 
long  and  too  complex  for  detailed  repetition. 

Thus  it  may  be  said  that  non-necrotic  tumors  are  similar 
in  their  hemolytic  action  to  organs.  They  possess  a  hemoly- 
sin which  is  cocto-stable,  and  which  is  complemented  by 
the  extract  of  red  cells;  which  is,  moreover,  inhibited  by 
serum  and  by  an  emulsion  of  leucocytes.  The  apparent 
differences  in  action  are  probably  due  to  the  admixture  of 
blood,  which  tends  to  obscure  and  to  complicate  these 
reactions. 

Action  of  necrotic  tumors.  —  When  it  was  found  that  the 
necrotic  portions  of  tumors  were  so  much  more  active  than 
were  the  undegenerated  portions,  the  attempt  was  made  to 
compare  this  condition*  to  that  found  in  the  organ  proper. 
This  was  done  both  by  investigating  the  action  of  necrotic 
organs,  and  by  experiments  in  autolysis.  An  experimental 
necrosis  of  the  kidney  was  produced.  The  organ  was 
approached  by  the  transperitoneal  route,  its  pedicle  ligated, 
and  then  dropped  back  into  place  again.  After  a  variable 
interval  of  time  the  animal  was  killed  and  the  organ  extracted 
in  the  same  manner  as  previously  described.  An  extract  of 
such  a  necrotic  organ  is  hemolytic  to  a  degree  far  exceed- 
ing that  of  the  extracts  hitherto  considered.  In  the  case  of 
one  kidney,  removed  after  an  interval  of  five  days,  the  ten 
per  cent  extract  was  hemolytic  in  a  dilution  of  I  13200. 
Moreover,  these  extracts  are  entirely  unaffected  by  heat,  and 
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are  only  slightly  inhibited  either  by  serum  or  by  W.B.C.D. 
The  fact  that  they  are  different  in  nature  from  the  extracts 
of  normal  organs  can  very  easily  be  demonstrated  by  dialys- 
ing  them  for  a  number  of  days,  which  demonstrates  that 
the  hemolysins  are  diffusible.  In  the  extracts  hitherto  con- 
sidered, however,  this  is  not  the  case. 

Autolysis  was  first  likened  by  F.  Mueller  to  necrosis  in  the 
body,  and  this  comparison  has  frequently  been  verified.  If, 
now,  normal  kidneys  or  tumors  be  autolysed  in  chloroform 
water  (i  to  10),  the  chloroform  then  blown  out,  and  the 
autolysed  fluid  tested  on  red  cells,  it  will  be  found  that  it 
differs  in  certain  particulars  from  the  normal  extracts.  The 
autolysed  fluid  hemolyses,  as  a  rule  much  more  strongly 
than  the  simple  extract.  In  addition  to  the  hemolysins  it 
contains  a  series  of  anti-hemolysins  which  may  sometimes 
be  removed  by  passage  through  -a  Berkefeld  filter.  In  the 
latter  case,  the  filtered  fluid  hemolyses  more  strongly  than 
the  unfiltered.  In  other  respects,  the  autolysed  fluid  resem- 
bles the  necrotic  extract,  in  that  its  action  is  not  affected  by 
the  addition  of  the  constituents  of  the  blood. 

Clinical  Data.  —  In  considering  the  applicability  of  the 
facts  elicited  by  the  foregoing  experiments  to  clinical  condi- 
tions, it  is  well,  in  the  first  place,  to  remember  that  the  action 
of  hemolysins  is  probably  only  one  of  the  factors  in  the  pro- 
duction of  the  secondary  anemias  of  malignant  tumors.  Un- 
fortunately, there  are  in  existence  but  very  few  observations 
which  suggest  the  activity  intra  vitam  of  the  hemolytic  factors, 
the  action  of  which  in  vitro  has  been  demonstrated  by  the  pre- 
ceding experiments.  The  occurrence  in  tissues,  such  as  the 
kidney,  of  potential  hemolysins,  would  seem  to  be  a  fact 
without  further  clinical  significance,  inasmuch  as  it  is  impos- 
sible to  see  how  such  elements  could  go  into  solution  in  the 
body  fluids.  Whether  this  factor  enters  into  the  causation 
of  the  anemias  of  tumors  is  a  question  for  the  solution  of 
which  there  are  too  few  data.  On  the  other  hand,  the  hemo- 
lytic activity  of  necrotic  tissues  might  very  conceivably  be 
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of  great  clinical  importance.  Necrotic  tissues,  even  if  not 
malignant,  such  as  uterine  fibroids,  tend  to  produce  a  very 
appreciable  deterioration  of  the  blood.  The  supervention  of 
degenerative  processes  in  tumors  is  always  the  forerunner  of 
a  marked  increase  in  the  anemia  and  cachexia.  Dr.  Beebe 
informs  me  that  in  his  series  of  artificial  tumors,  cachexia 
and  anemia  are  very  much  more  marked  in  those  dogs  in 
which  the  tumors  have  broken  down.  Whether  the  leuco- 
cytes and  the  serum  exercise  their  protective  power  in  vivo 
is  also  a  matter  of  doubt,  although  it  is  a  striking  fact  that 
areas  of  infarct  and  necrosis  are  always  demarcated  by  a 
dense  wall  of  leucocytes  and  the  exudation  of  serum. 

L.  Bard,1  in  1 90 1,  made  a  noteworthy  contribution  to  the 
hemolytic  power  of  cancerous  exudates.  He  found  that 
pleuritic  effusions,  originating  from  cancers  of  the  lung,  in 
cases  in  which  the  cancerous  masses  themselves  project  into 
the  pleura,  evince  a  hemolytic  effect  upon  the  red  cells  con- 
tained in  the  fluid.  The  latter  is  discolored  by  the  dissolved 
hemoglobin,  and  the  red  cells  are  broken  up  and  distorted. 
In  three  such  cases  this  was  found  to  hold,  in  contrast  with 
numerous  cases  of  hemorrhagic  pleurisy  of  tuberculous, 
septic,  or  traumatic  origin,  in  which  there  was  no  hemolysis  of 
the  contained  cells.  Moreover,  non-hemorrhagic  pleurisies  of 
cancerous  origin  do  not  possess  hemolytic  power  when  tested 
with  fresh  blood  drawn  from  the  finger  tip.  In  a  case  of  ovar- 
ian cystoma,  with  malignant  degeneration,  it  was  found  that 
certain  of  the  cysts  contained  a  hemorrhagic  and  hemolysed 
fluid,  others  a  serous  liquid.  The  former  class  of  cysts,  upon 
closer  examination,  revealed  malignant  processes  in  the  wall, 
while  the  serous  liquid  possessed  no  hemolytic  action  on 
fresh  blood.  Analogous  conditions  were  noted  in  a  case  of 
malignant  ascites,  and  of  cancer  of  the  kidney  with  hema- 
turia. It  is  evident  that  the  hemolytic  fluid  in  these  cases 
contained  both  tumor  extract  and  R.B.C.D.  Bard's  own 
interpretation  must  be  sought  in  the  original. 

Milian,11  in  1901,  reported  a  case  of  hemolysis  in  a  pleuro- 
pulmonary  sarcoma  with  hemorrhagic  exudation.  He  found 
a  similar  condition  in  a  case  of  gangrene  of  the  lung,  but 
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confirms  the  observation  of  Bard  that  none  of  the  other 
forms  of  pleurisy  possess  hemolytic  power. 
>  Certain  observations  made  upon  the  blood  and  the  exuda- 
tions of  carcinomatous  individuals  are  of  interest  in  this  con- 
nection. Lang 7  investigated  the  resistance  of  the  red  cells 
of  cancerous  individuals  to  hypotonic  and  hypertonic  solu- 
tions of  sodium  chloride,  of  various  concentrations.  He 
found  that  early  or  well  nourished  cases  of  malignant  tumor 
show  no  change  in  resistance.  In  advanced  cases,  the  red 
cells  evince  a  much  more  marked  resistance  than  is  normal. 
They  have  a  resistance-zone  of  iu-i2i,as  compared  to  a 
zone  of  42-63  in  normal  individuals.  Janowsky,8  who  found 
this  resistance  most  marked  in  advanced  cases  of  gastric  can- 
cer, was  the  first  to  attribute  it  to  a  specific  tumor  effect. 
This  argument  has  been  accepted  by  Schmiedlechner ;  he 
puts  it  in  the  following  terms :  "  It  may  be  assumed  that 
cancers  discharge  a  toxin  into  the  circulation.  This  causes 
tissue  destruction ;  it  also  has  hemolytic  power  —  witness 
the  anemia  and  urobilinuria.  The  increased  resistance  of 
the  red  cells  represents  the  organic  reaction  to  this  poison 
(immunity)/'  Unfortunately,  it  is  not  quite  clear  why 
immunity  to  a  hemolysin  should  take  the  form  of  an  increased 
resistance  to  anistonic  solutions  of  sodium  chloride.  The 
observation  was  confirmed  in  1906  by  del  Conte. 

SUMMARY. 

Extracts  of  normal  organs.  —  I.  Extracts  of  normal 
organs  (liver,  kidney)  hemolyse  red  cells  of  the  same 
species  of  animal  (isohemolysins),  and  even  of  the  same 
animal  (autohemolysins),  but  the  hemolytic  power  varies 
considerably,  and  may  be  altogether  absent.  Again,  there 
may  be  hemolysis  at  a  high  dilution  of  an  extract,  but  none 
at  low  dilutions  —  a  zone  of  optimum  concentration. 

II.  If  the  organ  (kidney  in  experiments)  is  thoroughly 
freed  from  blood,  the  hemolytic  activity  of  its  extracts  is  to 
a  great  extent  lost,  and  may  disappear  altogether. 

III.  The  iso-  or  auto-hemolytic  power  is  due  in  part  to 
the  blood  contained  in  the  organ. 
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IV.  Addition  of  entire  blood,  or,  separately,  of  leucocytes, 
and  serum,  to  the  bloodless  organ  extracts,  however,  dimin- 
ishes whatever  hemolytic  activity  the  extracts  may  possess. 

V.  But  addition  of  red  blood  cell  extract  (R.B.C.D.)  will 
increase  (activate)  the  hemolytic  power  of  bloodless  organ 
extracts. 

VI.  In  bloody  extracts  it  is  the  R.B.C.D.  (analogue  of 
the  complement)  plus  the  hemolytic  principle  of  the  organ 
extract  (analogue  of  the  amboceptor)  which  causes  hemoly- 
sis. 

VII.  In  bloody  extracts  there  is  also  an  anti-hemolytic 
principle  (serum,  etc.)  which  may  inhibit  hemolysis  in  low 
dilutions,  while  permitting  it  in  the  higher. 

VIII.  This  complexity  of  factors  accounts  for  the  great 
variability  in  the  hemolytic  power  of  bloodless  organ  extracts. 
This  power  probably  depends  to  a  great  extent  on  the  degree 
to  which  the  red  cells  have  been  broken  down  during  the 
process  of  extraction. 

IX.  Experiments  have  shown  that  the  hemolytic  principle 
(amboceptor  analogue)  of  organ  extracts  can  be  anchored 
to  red  cells.  The  red  cells  thus  sensitized  can  be  washed 
and  then  hemolysed  by  the  addition  of  R.B.C.D.  (comple- 
ment analogue),  which  latter  is  of  itself  inactive. 

Tumors.  —  I.  Tumors  differ  greatly  in  their  hemolytic 
activity,  according  to  whether  they  are  necrotic  or  non- 
necrotic. 

II.  Non-necrotic  tumors  are  much  less  autohemolytic 
than  are  necrotic  tumors. 

III.  The  hemolytic  activity  of  non-necrotic  tumors  can 
be  increased  by  addition  of  R.B.C.D.  Extracts  of  such 
tumors  are  in  every  respect  comparable  to  extracts  of  nor- 
mal organs,  but  are  more  active. 

IV.  The  hemolytic  activity  of  necrotic  tumors  is  not 
increased  by  the  addition  of  R.B.C.D.,  nor  decreased  by 
serum  or  leucocytes.  In  this  case  the  hemolytic  principle  is 
entirely  different  from  that  of  organ  extracts  or  growing 
tumors  and  is  the  result  of  necrosis  (autolysis),   with   the 
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formation    of    simple    hemolytic    compounds,    which     are 
dialysable. 

V.  The  anemias  of  malignant  tumors  are  probably  due 
in  part  to  the  hemolytic  and  toxic  action  of  such  products 
of  necrosis. 

[In  conclusion  my  very  best  thanks  are  due  to  Dr.  Beebe  for  his  con- 
stant encouragement  and  help  during  the  course  of  the  work.] 
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A   STUDY  OF  THE  TOXINS   OF  BACILLUS   PRODlGrOSUS.* 

Martha  Tracy. 

{From  the  Huntington  Fund  f>r  Cancer  Research,  Loomis  Laboratory,  Depart- 

ment  of  Experimental  Medicine,   Cornell  University 

Medical  College,  New  York.) 

Introduction.  —  In  1892  a  study  of  the  therapeutic  effect 
on  malignant  tumors  of  inoculations  with  the  combined 
sterilized  toxic  products  of  the  streptococcus  of  erysipelas 
and  the  bacillus  prodigiosus  was  undertaken  by  Dr.  W.  B. 
Coley1  of  New  York.  Previous  to  that  time  he,  as  well  as 
other  investigators,  had  observed  the  effect  of  intercurrent 
attacks  of  erysipelas  and  of  inoculations  with  the  strepto- 
coccus alone  on  malignant  growths,  and  Roger3  of  Paris  had 
in  experiments,  on  rabbits  used  the  bacillus  prodigiosus  to 
enhance  the  virulence  of  streptococcus  cultures.  For  the 
details  of  these  observations  the  reader  is  referred  to  the 
original  papers. 

Through  Coley's  work  extending  now  over  fifteen  years, 
during  which  time  some  striking  therapeutic  results  have 
been  obtained  by  the  use  of  the  so-called  "  mixed  toxins," 
the  bacillus  prodigiosus  has  assumed  a  position  of  much 
greater  practical  importance  than  a  mere  laboratory  reputa- 
tion had  heretofore  accorded  to  it.  Up  to  the  present  time, 
however,  no  work  has  been  done  to  determine  whether  this 
organism  may  not  in  itself  play  some  active  rdle  in  the 
therapeutic  effect  produced  by  the  mixed  toxins.  Dr.  Coley 
states :  "  The  fact  that  all  of  my  own  successes  as  well  as  those 
of  other  surgeons  have  been  obtained  by  the  combined  toxins, 
not  a  single  permanently  successful  case  having  been  observed 
from  the  use  of  the  erysipelas  toxin  alone,  goes  far  toward 
establishing  the  importance  of  the  bacillus  prodigiosus." 

The  clinical  results,  therefore,  abundantly  justify  a  more 
extended  study  of  this  organism  in  this  connection,  and  the 
following  investigation  has  accordingly  been  undertaken, 
leading   up  to  a  further  study,  already  under  way  in  this 

*  Received  for  publication  April  ia,  1907. 
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laboratory,  of  the  action  of  the  bacillus  prodigiosus  alone, 
and  in  combination  with  the  streptococcus,  in  the  treatment 
of  rapidly-growing  lymphosarcomas  in  dogs. 

Review  of  literature. —  On  looking  over  the  literature  one 
finds  that  little  systematic  study  of  the  bacillus  prodigiosus 
was  undertaken  until  a  comparatively  recent  date. 

A.  B.  Griffiths8  in  1892,  F.  Scheurlen4  in  1896,  and  Mary 
Hefferan6  in  1903  investigated  carefully  the  pigment-pro- 
ducing power  of  the  organism,  the  nature  of  the  pigment, 
and  the  conditions  favoring  its  production.  These  writers 
agree,  and  the  experience  acquired  during  the  present  study 
is  in  accord  with  their  conclusions,  that  the  essential  condi- 
tions of  pigment  production  include :  a  free  supply  of  oxygen ; 
a  temperature  of  about  200  C. ;  and  a  medium  slightly  alka- 
line to  litmus.  Mary  Hefferan  further  concludes  that, 
11  There  is  probably  little  or  no  correlation  between  luxu- 
riance or  vigor  of  growth  and  the  power  of  pigment  forma- 
tion. Hence  pigment  production  does  not  appear  to  be 
essential  to  the  life  processes  of  an  organism." 

In  1897  Grawitz  and  de  Bary6  reported  the  production  of 
local  abscesses  in  dogs,  cats,  and  with  difficulty  in  rabbits,  by 
subcutaneous  inoculations  of  cultures,  whether  living  or 
dead,  of  prodigiosus,  the  effect  being  similar  to  that  produced 
by  the  inoculation  of  turpentine.  These  observations  were 
repeated  by  Steinhaus7  in  1889. 

Bertarelli,15  in  1903,  published  a  somewhat  more  elaborate 
study  of  the  toxic  action  of  the  organism.  Live  broth 
cultures  of  prodigiosus  were  injected  intraperitoneally  into 
guinea-pigs  and  found  to  be  toxic  in  doses  of  from  .8-2.0 
cubic  centimeters,  according  to  the  age  of  the  culture,  a  fatal 
result  supervening  in  from  eighteen  to  thirty-six  hours. 
Intravenously  the  fatal  dose  was  from  1.-1.5  cubic  centi- 
meters, while  subcutaneously  2.0-2.5  cubic  centimeters  only 
occasionally  caused  death.  The  subcutaneous  inoculation  of 
non-fatal  doses  caused  local  scant  pus  formation,  rarely  a 
true  abscess.  Rabbits  were  less  sensitive  to  the  treatment 
than  were  guinea-pigs. 
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Experiments  with  culture  filtrates,  and  with  suspensions  of 
bacilli  killed  by  heat  and  subsequently  washed,  lead  him  to 
conclude  that  the  chief  toxic  effect  was  due  to  substances 
bound  up  in  the  bacterial  cells.  Bertarelli  also  described  a 
strong  hemolytic  property  in  vitro,  in  the  filtrates  from  his 
broth  cultures. 

A.  J.  Detweiler,8  in  the  laboratory  of  V.  C.  Vaughan, 
prepared  a  dry  powdered  prodigiosus  germ  substance  with 
which  he  was  able  to  obtain  more  definite  and  accurate  data 
as  to  the  toxic  power  of  the  bacterial  cells.  He  found  that 
the  smallest  fatal  intraperitoneal  dose  of  such  germ  powder 
was  one  part  of  powder  to  ninety  thousand  parts  of  body 
weight  of  the  guinea-pig  used,  death  resulting  within  twelve 
hours  after  inoculation.  Post-mortem  examination  showed 
some  clear  fluid,  and  at  times  masses  of  germ  substance  in 
the  peritoneal  cavity ;  mesenteric  vessels  injected,  gall-blad- 
der greatly  distended,  "  adrenals  of  a  deep  red  color,"  lungs 
congested,  but  other  organs  not  greatly  altered.  Where  a 
quantity  of  the  germ  substance  had  escaped  under  the  skin 
.was  found  no  pus,  but  a  clear  gelatinous  exudate.  Detweiler 
found  it  possible  to  establish  a  certain  degree  of  immunity 
to  the  toxin,  but  beyond  a  definite  point  the  animals  rapidly 
emaciated  and  died.  Serum  from  such  a  partially  immune 
animal  in  dilution  of  1-10  agglutinated  prodigiosus  bacilli, 
while  an  equal  dilution  of  normal  guinea-pig  serum  failed  to 
so  act.  No  attempt  was  made  to  break  up  the  bacterial  cell 
nor  to  extract  a  specific  toxic  substance  therefrom. 

The  present  investigation  may  best  be  described  under  the 
following  heads : 

1.  Experiments  with  broth  cultures  of  B.  prodigiosus. 

2.  Experiments  with  the  pure,  whole  germ  substance, 
both  in  dry  powdered  form  and  in  suspensions  of  bacilli 
killed  by  heat,  in  which  the  weight  of  bacterial  nitrogen  was 
determined  by  the  Kjeldahl  method. 

3.  Experiments  with  filtrates  from  bacillary  suspensions 
previously  subjected  to  procedures  designed  to  break  up  the 
bacterial    cells.     These    procedures    include:     (a)    grinding 
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with  liquid  air;  (b)  hydrolysis  in  the  autoclave  at  pressure 
of  twenty  pounds;  (c)  hydrolysis  in  a  weak  acid  (.2  per  cent 
HCD  medium  at  700  C;  {d)  hydrolysis  in  a  weak  alkaline 
(j  per  cent  NaOH)  medium  at  700  C. ;  {e)  digestion  with 
pepsin  in  .2  per  cent  HC1  solution;  (/)  digestion  with  tryp- 
sin in  .5  per  cent  Na^COa  solution;   (g)  autolysis  at  380  C. 

I.     Experiments  with  broth  cultures  of  B.  prodigiosus. 

Since  the  prodigiosus  fractions  of  the  mixed  toxins  have, 
up  to  the  last  few  months,  consisted  of  broth  cultures  of  the 
organism,  such  cultures  were  used  in  a  series  of  tentative 
experiments  on  rabbits,  and  subcutaneous  inoculations  only 
were  tried  in  this  first  series. 

Broths  of  various  formulae  were  employed,  the  variations 
consisting  in  alterations  of  the  usual  beef  and  peptone  broth 
by  the  addition  of  rabbit  or  of  sheep  serum ;  by  the  omis- 
sion of  peptone ;  by  the  use  of  a  special  so-called  "  enzyme 
peptone;"  and  by  the  addition  of  sodium  phosphate.  No 
variations  in  the  growth  and  behavior  of  the  cultures  could  be 
Correlated  at  all  with  these  differences  in  media.  A  con- 
densed statement  of  the  results  of  this  series  of  inoculations 
is  given  in  Table  I. 

The  cultures  used  were  all  twenty-one  days  old,  and  had 
been  maintained  under  conditions  as  nearly  as  possible 
identical. 
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It  will  be  noted  that  the  filtrates  did  in  a  few  cases  pro- 
duce some  local  reaction,  but  by  no  means  with  the  regu- 
larity and  to  the  same  degree  of  inflammation  as  did 
the  whole  cultures.  The  small  quantity  of  filterable  toxin 
obtained  from  a  broth  culture  is  doubtless  to  be  ascribed  to 
the  breaking  down  of  the  dead  cells  present. 

The  filtrate  from  a  broth  culture  proved  hemolytic  for  dog 
red  cells  in  a  dilution  of  one  to  four  only.  It  seems  improba- 
ble that  a  reaction  so  slight  was  called  a  strong  hemolytic 
action  by  Bertarelli,  who,  however,  fails  to  give  the  dilution 
of  his  filtrate. 

2.  Experiments  with  the  whole  germ  substance  in  dry 
powdered  form,  and  in  suspensions  of  bacilli  killed  by  heat 
in  which  the  weight  of  bacterial  nitrogen  was  determined  by 
the  Kjeldahl  method. 

The  difficulty  of  obtaining  any  considerable  quantity  of 
bacterial  substance,  and  of  measuring  apart  from  the  medium 
such  as  was  present,  lead  to  the  abandonment  of  cultivation 
in  broth.  Hereafter,  agar  cultures  were  used,  and  thus  there 
could  be  obtained  masses  of  germ  substance  practically  pure 
from  which  definite  quantities  of  bacillary  proteid  could  be 
prepared.  Unfortunately  no  bacterial  tank  of  Vaughan's 
pattern  was  available,  but  the  large  Fernbach  culture  flasks 
were  found  to  serve  the  purpose  fairly  well.  The  ordinary  two 
per  cent  agar  medium  of  a  depth  of  about  one  centimeter  over 
the  bottom  of  the  flask  was  used.  A  thinner  layer  proved 
insufficient  to  support  a  vigorous  ten  days'  growth.  The 
flasks  were  sown  by  pouring  over  the  surface  of  the  agar  a 
two  days'  old  broth  culture  of  B.  prodigiosus,  and  draining 
off  the  surplus  fluid.  In  ten  days  the  thick,  bright  red  pelli- 
cle was  removed  with  a  glass  rod  bent  to  a  convenient  angle, 
using  a  little  distilled  water  when  necessary.  Employing  a 
mortar  and  pestle  this  mass  of  bacteria  was  rubbed  with 
more  water  to  a  smooth,  rather  thick  suspension.  It  was 
then  poured  slowly,  with  active  stirring,  into  a  large  volume 
of  ninety-five  per  cent  alcohol,  being  thrown  down  therein  as 
a   pinkish   white   flocculent  precipitate.     Nearly  all   of  the 
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pigment  became  immediately  dissolved  in  the  alcohol.  After 
filtration,  and  washing  with  absolute  alcohol  and  ether,  the 
precipitate  was  dried  in  the  air  and  ground  in  a  mortar  to 
a  fine  powder.  Such  prpdigiosus  powder  was. of  a  pale 
purplish  color,  and  when  smeared  with  a  little  water  on  a 
slide  and  stained  showed  the  bulk  of  the  bacterial  cells 
staining  well  and  apparently  morphologically  unchanged  by 
the  treatment.  This  manner  of  preparation  of  the  germ 
powder  does  not  differ  materially  from  that  employed  by 
Detweiler,  and  the  toxicity  of  this  product  proved  very 
similar  to  that  of  his,  one  milligram  of  the  powder  to  one 
hundred  thousand  milligrams  of  body  weight  bringing  about 
a  fatal  result  in  nearly  every  case. 

The  germ  substance  in  suspensions  was  prepared  also 
from  the  agar  cultures,  the  emulsions  were  made  somewhat 
thinner  than  those  used  for  precipitation  in  alcohol,  were  then 
bottled,  and  sterilized  at  75°  for  one  hour.  As  previously 
noted  the  method  of  cultivation  and  removal  from  the  agar 
gave  the  germ  substance  practically  free  from  any  contamina- 
tion from  the  medium,  and  all  the  nitrogen  present  in  the 
suspension  was,  therefore,  contained  in  the  bacterial  cell. 
The  total  nitrogen  content  of  a  definite  volume  of  this 
suspension  was  determined  by  the  Kjeldahl  process,  and 
making  use  of  the  fact  that  one  gram  of  nitrogen  represents 
6.25  grams  of  proteid,  the  proteid  content  of  the  bacterial 
suspensions  was  readily  estimated. 

The  results  of  a  series  of  inoculations  proved  this  method 
of  measurement  satisfactory  for  the  work  with  the  whole 
germ,  and  quite  comparable  to  the  actual  weighing  of  the 
dry  germ  substance.  The  toxicity  of  the  two  preparations 
was  practically  identical,  an  intraperitoneal  dose  of  one  part 
of  bacterial  nitrogen  to  six  hundred  thousand  parts  of  body 
weight  being,  with  few  exceptions,  fatal.  In  the  work  with 
the  whole  germ  substance,  therefore,  in  either  of  the  above- 
described  preparations,  the  doses  were  reckoned  in  parts  of 
bacterial  nitrogen  to  parts  of  body  weight. 

The  symptoms  exhibited  by  a  guinea-pig  after  receiving  a 
fatal  dose  of  prodigiosus  germ  substance  begin  to  manifest 
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themselves  within  half  an  hour  after  inoculation.  The  animal 
becomes  dull  and  unresponsive,  does  not  eat,  the  coat  is 
roughened,  and  the  temperature  begins  to  fall.  In  from  one 
to  two  hours  the  temperature  may  reach  930  F.  or  lower,  and 
the  animal  gradually  weakens,  though  death  may  not  occur 
for  twelve  or  eighteen  hours.  Muscular  spasms  occur  at 
intervals  after  three  or  four  hours,  and  increase  in  frequency 
and  violence  until  death,  which  may  be  preceded  by  tetanic 
convulsions.  If  the  pig  is  destined  to  recover,  though  the 
temperature  may  fall  to  940  F.,  it  begins  to  rise  after  an  hour 
or  two  and  may  go  above  normal,  the  other  symptoms  abate 
and  before  twenty-four  hours  have  passed  the  animal  appears 
well.     Typical  temperatures  are  shown  in  Figures  I.  and  II. 

Figure  I. — Temperature  Curve  of   Guinea-pig  after  Intraperitoneal 
Inoculation  of  a  Fatal  Dose  of  Prodigiosus  Powder. 
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Figure  II. — Temperature  Curve  of  Guinea-pig  after  Intraperitoneal 
Inoculation  of  a  Non-fatal  Dose  of  Prodigiosus  Powder. 
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An  observation  made  at  this  time,  and  returned  to  with 
interest  later,  was  the  fact  that  in  a  number  of  instances  pigs 
which  had  received  a  severe  but  not  fatal  dose  of  the  germ 
substance  recovered  from  the  immediate  effect  of  the  toxin, 
but  died  in  an  emaciated  condition  a  week  or  ten  days  later. 

The  post-mortem  findings  in  a  pig  killed  by  prodigiosus 
suspensions  are  as  follows :  a  small  quantity  of  clear  straw- 
colored  or  blood  tinged  fluid  is  usually  present  in  the  peri- 
toneal cavity,  but  the  peritoneum  preserves  its  normal  glossy 
appearance ;  the  liver  may  be  slightly  pale,  or  in  other  cases 
congested,  and  wide  distention  of  the  gall-bladder  with  clear 
fluid  bile  is  quite  constant;  the  spleen  is  often  mottled, 
deeply  congested  areas  contrasting  with  others  of  marked 
pallor,  or  in  those  cases  in  which  death  occurs  a  week 
or  more  after  inoculation  the  organ  is  exceedingly  pale 
throughout;  the  kidneys  appear  unaltered  or  only  slightly 
congested;  the  adrenals  are  uniformly  deeply  congested 
and  often  hemorrhagic.  This  hyperemia  of  the  adrenals 
was  noted  also  by  Detweiler  in  his  work  with  prodigiosus, 
and  has  been  observed  by  Gelston  and  others  in  pigs  killed  by 
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diphtheria  gerrn  substance,  and  by  Torrey  in  this  laboratory 
in  pigs  killed  by  gonococcus  cultures. 

Having  now  obtained  and  proved  a  preparation  of  the  pro- 
digiosus  germ  substance,  which  could  be  handled  with  some 
degree  of  accuracy  as  to  dosage,  a  second  series  of  subcu- 
taneous inoculations  was  undertaken.  Non-fatal  doses  of 
powder  suspensions  were  used,  the  local  lesions  produced 
were  removed  at  intervals,  after  killing  the  animals  with 
ether,  and  the  gross  and  histologic  changes  studied. 

After  such  inoculation  the  tissues  surrounding  the  needle 
puncture  became  edematous  and  swollen  and,  after  several 
hours,  induration,  and  at  times  active  inflammation,  was 
noted.  The  inflammation  rarely  persisted  for  any  length  of 
time,  but  the  induration  continued  for  several  days  before 
absorption  began.  Occasionally,  slight  superficial  necrosis 
was  observed  at  the  center  of  the  inflammatory  area.  Gross 
sections  through  such  an  early  edematous  lesion  showed 
infiltration  with  a  clear  yellowish  or  hemorrhagic  gelatinous 
exudate.  Section  through  a  week-old  lesion  showed  a  cir- 
cumscribed area  resembling  coagulation  necrosis. 

Microscopically  nothing  definite  was  noted  in  the  earliest 
lesions  (one  hour  after  inoculation),  but  gradually  a  migra- 
tion of  polynuclear  leucocytes  to  the  site  of  inoculation 
occurred,  and  a  thick  layer  of  these  surrounded  the  caseous 
center.  Detweiler  observed  the  gelatinous  subcutaneous 
exudate,  and  no  doubt  the  later  caseous  accumulations  cor- 
respond to  the  abscesses  of  Grawitz  ind  de  Bary  and  Stein- 
haus,  and  the  "  scant  pus  formation "  of  Bertarelli.  The 
facts  agree  with  Coley's  suggestion  as  to  the  nature  of  the 
local  action  of  the  mixed  toxins,  i4  a  coagulation  necrosis 
with  a  local  leucocytosis." 

Kndeavors  to  establish  immunity  to  the  prodigiosus  toxins 
in  guinea-pigs  and  rabbits  have  met  with  little  success. 
Nearly  all  of  the  animals  used  appeared  rather  to  acquire  a 
hypcrsensitiveness,  and  died  after  the  second  or  third  inocu- 
lation of  a  dose  no  greater  than  that  used  at  the  start,  and 
only  one  pig  was  finally  brought  to  a  point  of  surviving  the 
usual    fatal  dose.     During   the  two   months'  treatment  the 
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animal  lost  weight  steadily,  and  in  six  days  following  the 
last  inoculation  fell  from  three  hundred  and  seven  to  one 
hundred  and  forty-three  grams.  The  pig  was  then  killed 
to  obtain  blood  serum,  which  was  found  to  agglutinate  sus- 
pensions of  prodigiosus  bacilli  in  dilution  of  one  to  twenty. 
The  serum  of  a  dog,  which  was  receiving  repeated  subcu- 
taneous inoculations  of  similar  suspensions,  gave  a  positive 
agglutination  reaction  at  a  dilution  of  one  to  sixty-four, 
though  a  severe  temperature  reaction  occurring  after  each 
inoculation  (the  dose  was  not  increased),  did  not  indicate 
any  high  degree  of  immunity  or  even  of  tolerance.  Although 
these  agglutination  tests  showed  a  positive  reaction  at  a 
greater  dilution  than  was  obtained  by  Detweiler,  the  general 
negative  result  of  this  phase  of  the  work  is  in  accord  with 
his  observations. 

A  series  of  blood  examinations,  enumeration  of  red  and 
white  cells,  hemoglobin  estimation  (Miescher-Fleischl),  and 
differential  leucocyte  count  was  made  on  animals  receiving 
repeated  small  doses  of  prodigiosus  suspensions.  The 
results  showed  an  increasing  leucocytosis,  with  a  slow  fall- 
ing off  in  the  number  of  red  cells  and  in  the  hemoglobin 
percentage.  Figure  III.  expresses  in  the  form  of  a  curve 
these  changes  in  a  rabbit'  in  whose  case  the  dosage  was  kept 
very  low  so  as  to  avoid  all  risk  of  a  fatal  issue. 
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Figure  III.  —  Leucocyte  and  Hemoglobin  Curves  in  a  Rabbit  receiving 
Repeated  Small  Doses  of  Prodigiosus. 
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Dogs  undergoing  treatment  of  tumors  show  similar  blood 
changes.  When  inoculations  were  omitted  for  a  week  or 
more  the  blood  gradually  returned  to  the  normal  condi- 
tion. 

Experiments  up  to  this  point  have  shown  that  the  bacillus 
prodigiosus  contains  within  the  germ  cell  some  poison  or 
poisons  capable  of  causing  death  in  animals  in  very  small 
doses.  The  convulsive  symptoms  and  the  post-mortem  con- 
dition of  the  organs  point  to  an  overwhelming  toxemia  of 
the    nervous   mechanisms   in    those   animals    dying   within 
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twenty-four  hours  of  inoculation,  while,  in  those  dying  a  week 
or  more  later  the  symptoms  of  emaciation  and  general  weak- 
ness, with  the  post-mortem  pallor  of  the  organs,  and  disten- 
tion of  the  gall-bladder  with  fluid  bile,  indicate,  as  a  secondary 
effect,  a  progressive  blood  destruction.  With  this  later  effect 
may  be  correlated  also  the  blood  changes  noted  in  a 
preceding  paragraph. 

The  question  arises  —  are  these  two  effects,  the  over- 
whelming toxemia  of  the  nervous  system  and  the  slowly 
developing  anemia  in  an  animal  withstanding  an  immediate 
fatal  issue,  to  be  ascribed  to  a  single  substance,  in  the  second 
case  acting  over  a  longer  period  of  time,  or  are  we  dealing 
with  a  mixture  of  tftxic  bodies?  To  throw  further  light  on 
the  matter  the  breaking  up  of  the  bacterial  cell  was  under- 
taken. 

3.  Experiments  with  filtrates  from  bacterial  suspensions 
previously  subjected  to  procedures  designed  to  break  up  the 
germ  cells. 

The  study  of  endotoxins,  and  their  preparation  by  various 
methods  from  the  germ  cells,  has  been  undertaken  extensively 
by  V.  C.  Vaughan,9  V.  C.  Vaughan,  Jr.,10  Wheeler,11 
Gelston,12  J.  W.  Vaughan,18  and  others.  In  1901  Vaughan 
stated  that  the  toxin  of  the  colon  bacillus,  "  as  separated  from 
the  cell  wall  by  digestion  with  hydrochloric  acid  and  pepsin 
is  markedly  active."  In  the  later  work  from  his  laboratory, 
however,  the  methods  used  for  breaking  up  the  germ  cells 
of  anthrax,  colon,  and  diphtheria  bacilli  have  been  far  more 
drastic.  The  bacterial  powder  was  subjected  to  the  action 
of  one  per  cent  sulphuric  acid  at  a  temperature  of  1 10  °  C,  for 
ten  minutes ;  or  was  boiled  for  "  one  hour  on  the  water  bath 
under  a  reflux  condenser  with  from  fifteen  to  twenty  times 
its  weight  of  absolute  alcohol  in  which  two  per  cent  by  weight 
of  pure  sodium  hydrate  had  been  previously  dissolved." 
From  the  filtrates  obtained  after  these  procedures,  the  toxic 
substances  were  precipitated  out  by  alcohol.  V.  C.  Vaughan, 
Jr.,  concludes  his  study  of  such  a  poisonous  body  derived 
from    the   colon    bacillus   with   the    statement   that   "  This 
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intracellular  poison  is  the  poison  which  causes  death  in 
animals  inoculated  with  cultures  of  the  living  colon  bacillus." 

That  poisonous  bodies  can  be  obtained  from  bacterial 
cells  by  such  drastic  chemical  methods  is  unquestionable, 
but  whether  the  resulting  bodies  are  identical  with  those  pro- 
duced physiologically  in  the  living  body,  seems  open  to 
legitimate  doubt. 

In  1904  McFadyen  worked  with  the  typhoid  bacillus, 
and  later  with  the  pneumococcus,  grinding  the  bacterial  sus- 
pensions with  liquid  air  and  subsequently  extracting  with  weak 
alkali  solutions.  Thus  he  succeeded  in  obtaining  from  his 
filtrates  markedly  toxic  soluble  bodies.  This  method  is  less 
objectionable  than  the  chemical  method  of  Vaughan,  for  it  is 
quite  conceivable  that  the  mechanical  rupturing  of  the  cell 
body  does  not  in  any  way  alter  its  chemical  nature,  yet  does 
render  the  proteid  substances  more  accessible  to  the  action 
of  the  alkaline  solution  used  for  extraction.  For  the  purposes 
of  the  present  study  it  was  thought  desirable  to  use  pro- 
cedures more  nearly  comparable  to  those  taking  place  in 
vivo.  At  the  start  certain  methods  of  hydrolysis,  not  within 
the  limits  of  the  physiological,  were  tried,  but  were  subse- 
quently abandoned,  as  those  mostx  resembling  the  body 
processes  were  found  to  yield  soluble  products  of  more 
definite  toxic  action. 

a.  An  attempt  was  made  to  repeat  the  cold  grinding 
method  of  McFadyen,  and,  for  his  interest  and  time  spent  in 
using  the  liquid  air  apparatus  at  the  College  of  Physicians 
and  Surgeons,  we  are  very  greatly  indebted  to  Dr.  A.  N. 
Richards.  Owing  to  certain  mechanical  difficulties  which 
arose,  the  attempt  was  unsuccessful  and  was  not  repeated. 

b.  Suspensions  in  .2  per  cent  sodium  bicarbonate  of  the 
dry  powdered  germ  substance  were  heated  in  the  autoclave 
under  a  pressure  of  twenty  pounds  for  two  hours.  Repeated 
inoculations  of  guinea-pigs  with  samples  of  these  suspensions 
previous  to  the  hydrolysis  gave  fatal  results  in  the  usual 
lethal  dose.  After  the  hydrolysis  inoculations  of  equivalent 
and  even  of  larger  doses  of  the  whole  unfiltered  suspensions 
or  of  filtrates  produced  no  toxic  effect  whatever. 
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c.  Suspensions  of  prodigiosus  powder  in  .4  per  cent 
hydrochloric  acid  were  subjected  to  a  temperature  of  700  C.  for 
three  hours.  Inoculations  in  the  usual  dose  of  the  unfiltered 
hydrolized  suspension  and  of  the  filtrate  caused  a  slight 
lowering  of  body  temperature,  followed,  however,  by  a 
prompt  return  to  normal. 

d.  Suspensions  of  prodigiosus  powder  in  one  per  cent 
sodium  hydroxide  were  subjected  to  a  temperature  of  700  C. 
for  three  hours.  After  hydrolysis  the  suspension  was  neu- 
tralized with  hydrochloric  acid.  Inoculation  with  the  un- 
altered product  in  the  usual  dose  caused  death  in  one  animal, 
but  was  followed  by  recovery  in  others.  Inoculation  with 
the  filtrate  caused  a  lowering  of  the  body  temperature 
followed  by  immediate  recovery,  though  death  of  one  animal 
followed  five  days  later. 

e.  To  suspensions  of  prodigiosus  powder  in  .2  per  cent 
hydrochloric  acid  a  sufficient  quantity  of  pepsin  was  added 
and  digestion  allowed  to  proceed  for  five  hours  at  370  C. 
The  digested  product  was  neutralized  and  heated  quickly  to 
boiling  for  ten  minutes  to  destroy  the  enzyme.  Inoculations 
with  the  unfiltered  product  caused  death  within  twenty  hours 
in  one  animal,  and  in  two  others  death  followed  some  days 
later.  Inoculations  with  the  filtrate  produced  slight  lowering 
of  body  temperature  followed  by  recovery  when  the  equivalent 
of  the  usual  fatal  dose  was  given.  A  prompt  fatal  result, 
however,  followed  a  dose  twice  as  large. 

/.  To  suspensions  of  prodigiosus  powder  in  a  .2  per 
cent  sodium  bicarbonate  solution  sufficient  trypsin  was  added, 
and  digestion  allowed  to  continue  for  one  and  a  half  hours. 
The  product  was  neutralized  and  heated  to  destroy  the 
enzyme.  The  filtrate  from  this  digestion,  and  a  substance 
obtained  from  it  by  precipitation  with  alcohol,  caused  death 
in  doses  about  three  times  as  large  (three  times  the  nitro- 
gen content)  as  the  usual  fatal  dose  of  the  whole  germ 
substance. 

With  the  hope  of  obtaining  a  greater  quantity  of  this 
poisonous  product  other  tryptic  digestion  experiments  were 
undertaken.     Suspensions  of  fresh  bacilli  were  subjected  to 
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the  action  of  the  enzyme  for  longer  periods,  one,  two,  and 
three  days,  in  order  to  break  up  a  larger  quantity  of  the 
bacterial  bodies.  At  the  end  of  each  period  the  appro- 
priate suspension  was  neutralized  with  hydrochloric  acid  and 
filtered  through  a  Berkefeld  candle.  The  filtrates  were  evapo- 
rated to  dryness  on  a  water-bath  and  the  residues  extracted 
with  absolute  alcohol  for  three  hours.  There  remained 
undissolved  in  each  case  a  golden  brown  substance  which 
was  subsequently  dissolved  in  distilled  water  and  designated 
as  the  alcohol  insoluble  fraction,  or  fraction  A. 

The  clear  brown  alcoholic  extracts  were  in  turn  evapo- 
rated to  dryness  on  the  water-bath,  the  residues  taken  up  in 
distilled  water  and  designated  as  the  alcohol  soluble  fractions 
—  fractions  B. 

At  the  same  time  a  similar  suspension  with  sodium  bicar- 
bonate and  trypsin  was  arranged  for  digestion  in  a  parch- 
ment bag,  which  was  suspended  in  a  covered  jar  also 
containing  .2  per  cent  sodium  bicarbonate  solution.  This 
digestion  was  allowed  to  continue  for  five  days,  during 
which  time  the  fluid  outside  the  bag  was  removed  daily  and 
replaced  by  fresh  solution.  This  method  intensified  the 
digestion  by  removing  the  dialyzable  products  as  they 
formed.  The  combined  dialysates  were  neutralized  and 
evaporated  to  dryness,  and  separated  as  described  above  by 
means  of  alcohol  into  fractions  A  and  B. 

The  concentration  of  these  several  preparations  in  terms 
of  nitrogen  was  then  determined  as  a  guide  to  dosage  and 
the  toxicity  tested  on  guinea-pigs.* 

The  result  of  the  inoculations  showed  no  gain,  but  rather 
a  loss  in  the  power  of  the  product  to  cause  a  rapidly  fatal 
i.HHiic,  this  loss  being  most  decided  in  the  bag  digestion  expe- 
riment, where  the  cleavage  had  proceeded  furthest,  owing  to 
the  removal  of  the  resulting  substances.  We  must  not  fail 
to  consider  here,  however,  the  possibility  that  the  more 
powerful   toxic  substance  was  not  dialyzable,  and  therefore 

•  In  these  A  fractions  it  was  necessary  also  to  determine  the  quantity  of  sodium 
chloride  present  as  a  result  of  the  neutralisation,  and  to  dilute  the  solution  to 
phyftiologiciil  strength  before  inoculations.    Volhardt's  method  was  used. 
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remained  within  the  bag  subject  to  the  enzyme  action  until 
destroyed.  Baldwin  and  Levene  M  have  shown  that  proteo- 
lytic enzymes,  pepsin,  papain,  and  notably  trypsin,  digest 
the  bacterial  toxins  of  diphtheria  and  tetanus  bacilli,  destroy- 
ing their  power. 

The  A  fractions  in  doses  six  times  as  large  as  the  lethal  dose 
of  the  whole  germ  substance  caused  only  a  slight  lowering  of 
body  temperature  followed  by  prompt  temporary  recovery. 
But  of  great  interest  was  the  observation  that  nearly  every 
animal  died  more  or  less  emaciated  in  from  six  to  twenty-four 
days  after  the  inoculation.  The  post-mortem  findings  showed 
the  usual  features,  enormously  distended  gall-bladder,  pale 
spleen,  and  adrenals  considerably  congested  in  the  earliest 
fatal  cases,  but  very  much  less  so  after  longer  survival. 

The  B  fractions  in  equally  large  doses  caused  not  even 
a  temporary  fall  in  body  temperature,  but  death  followed 
after  several  days  in  most  cases,  and  the  post-mortem  find- 
ings were  identical,  save  that  the  hyperemia  of  the  adrenals 
was  much  less  noticeable. 

g.     Autolysis  at  380. 

Suspensions  of  bacilli  in  distilled  water  were  placed  in  the 
incubator  and  autolysis  allowed  to  proceed  for  two  weeks. 
A  culture  taken  from  the  bottle  at  the  end  of  this  time  gave 
a  pure  growth  of  B.  prodigiosus.  It  is  probable  that  the 
density  of  the  suspension  gives  no  favorable  opportunity  for 
development  of  any  accidental  contamination  which  might 
occur.  The  suspension  was  then  heated  to  750  C.  for  one  hour 
and  filtered,  and  the  filtrate  divided  as  described  above  into 
an  alcohol  insoluble  fraction  A  and  an  alcohol  soluble  frac- 
tion B.  The  nitrogen  content  of  the  solutions  then  was  de- 
termined and  the  toxicity  tested  on  guinea-pigs. 

The  results  were  striking.  Fraction  A  caused  death  almost 
without  exception  within  twenty-four  hours  with  the  usual 
acute  symptoms,  rapidly  falling  temperature  and  convulsions. 
This  result  was  obtained  with  a  dose  of  one  part  of  toxic  nitro- 
gen to  five  hundred  and  forty  thousand  parts  of  body  weight. 
The  autopsy  showed  as  the  salient  points :  a  little  clear  straw- 
colored  or  red-tinged  fluid  in  the  peritoneal  cavity,  the  spleen 
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~w*-r<^i  or  mottled,  the  adrenals  deeply  hyperemic   and 
***\"fto.— hjt^ic*  and  the  gall-bladder  not  at  all,  or  very  little, 

K:  *cctv>n  B  produced  no  immediate  ill  effect,  but  rapid  loss 
xs  wc^ht  followed  and  death  occurred  in  ten  days.  Post- 
j*v**tt*vi  there  was  found  no  fluid  in  the  peritoneal  cavity, 
.  V  $^l??n  was  verv  Pa'e>  adrenals  little  or  not  at  all  hyper- 
vs*Mv\  and  the  gall-bladder  widely  distended  with  yellow  or 
u\t-  tutgcd  fluid  bile. 

The  striking  hemolytic  action  of  fraction  B  as  compared 
*uh  that  of  fraction  A  was  further  demonstrated  by  a  series 
svt  experiments  in  vitro.  The  A  tubes  showed  no  hemolysis 
ot  dotf  or  of  rabbit  red  cells  after  eighteen  hours,  while  the 
it  tube*  showed  hemolysis  complete  in  dilution  of  i-ioo  in 
twu  hours.  The  presence  of  normal  dog  serum  in  the  tubes 
ili'Uycd  the  hemolytic  action,  and  the  serum  from  a  dog 
i ci  riving  repeated  small  doses  of  B.  prodigiosus  arrested  it 

entirely. 

In  comparison  with  these  experiments  a  series  with  frac- 
tions A  and  B  of  the  long  tryptic  digestion  filtrates  gave 
Interesting  results,  especially  with  those  from  the  parchment 
ba\l  experiment  in  which  the  cleavage  of  proteid  was  most 
complete.  Both  fractions  A  and  B  caused  complete  hemolysis 
within  an  hour,  and  the  dog  serums  mentioned  above  failed  to 
arrest  the  action  in  the  slightest  degree.  It  will  be  remem- 
bered that  both  fractions  A  and  B  of  this  parchment  bag  filtrate 
(.finned  death  in  pigs  apparently  only  as  a  result  of  the  slow 
blood  destruction.  The  conclusion  that  fraction  B  causes 
death  by  a  slow  blood  destruction  is  a  tentative  one,  and  is 
bftfted  on  the  evidence  offered  by  the  marked  hemolysis  in 
vitro,  and  by  the  post-mortem  findings. 

Fractions  A  and  B  of  the  autolysis  filtrate  responded  to 
the  proteid  reactions  as  follows : 

a.  B. 

f'r«'.lf'ftftti<'n  with  heat  and  acetic  acid    .    .    

\U**  j|ritati'jfi  with  nitric  acid 

J'r<<!j'if*ii"n   with   potassium   ferrocyanide 
jui'i  »<  etic  acid 
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A.  B. 

Precipitation  with  absolute  alcohol      ...       -f-  

Precipitation  with  basic  lead  acetate    .     .     .       -f~  + 

Color  reaction  —  Xanthoproteic      .     .    .    .      +  + 

Mil  Ion's  reaction +  slight.       ■+■  intense  in  the  cold. 

Biuret  —  doubtful  in  both  cases  on  account  of  the  deep  color  of  the  solutions. 

There  are  many  points  not  cleared  up  by  the  experiments 
thus  far  undertaken.  The  measurement  of  the  poisonous 
bodies  in  the  filtrates  by  estimation  of  nitrogen  is  less  satis- 
factory than  was  the  case  when  the  whole  germ  substance  was 
used.  No  relation  of  the  fatal  dose  of  the  split  toxin  to  that 
of  the  whole  germ  substance  from  which  it  originated  can  be 
determined  thus,  for  it  is  probable  that  a  considerable  part 
of  the  nitrogen  present  in  the  filtrate  is  in  a  non-poisonous 
form.  Furthermore,  there  remains  always  a  considerable 
mass  of  germ  substance  not  yet  broken  up  by  the  digestive 
enzymes  or  by  autolysis.  This  seems  inevitable  inasmuch  as 
longer  continuance  of  the  process  carries  the  cleavage  too 
far  and  reduces  the  substance  present  to  a  far  less  toxic 
condition. 

The  true  chemical  nature  of  the  bodies  with  which  we  are 
dealing  can  only  be  determined  by  much  further  chemical 
study.  Their  exact  position  in  the  line  of  cleavage  products, 
and  the  relation  of  the  two  poisonous  bodies  to  each  other, 
whether  the  hemolytic  substance  characteristic  of'the  fraction 
B  is  derived  from  the  toxic  body  of  fraction  A  by  further 
cleavage,  as  the  long  digestion  experiment  might  suggest, 
are  questions  yet  to  be  elucidated. 

To  summarize.  —  1.  It  has  been  shown  that  the  bacterial 
cell  of  the  bacillus  prodigiosus  contains  highly  toxic  bodies 
capable  in  Very  small  doses  of  causing  death  in  animals. 

2.  Inoculations  with  suspensions  of  the  whole  germ  sub- 
stance may  cause  death  within  twenty-four  hours,  the  strik- 
ing symptoms  being  the  rapid  fall  in  body  temperature  and 
the  occurrence  of  convulsions,  or  death  may  follow  from  one 
to  three  weeks  later,  preceded  by  gradually  developing 
anemia  and  emaciation. 

3.  Post-mortem     changes    conspicuously     present     are 
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extreme  hyperemia  of  the  adrenals  in  the  cases  of  immedi- 
ate death,  and  great  pallor  of  the  spleen  and  wide  distention 
of  the  gall-bladder  with  fluid  bile,  in  cases  of  late  death. 

4.  Subcutaneous  inoculation  of  a  non-fatal  dose  of  pro- 
digiosus  suspension  produces  a  local  lesion  consisting  of  a 
central  area  of  coagulation  necrosis  surrounded  by  a  zone  of 
active  round  cell  infiltration. 

5.  Of  the  procedures  used  to  split  up  the  germ  cell, 
omitting  the  cold  grinding  experiment  (a)  as  inconclusive, 
it  has  been  shown  that:  (b)  hydrolysis  in  the  autoclave 
totally  destroyed  all  toxic  qualities  of  the  prodigiosus  cell ; 
that  (c  and  d)  hydrolysis  at  700  C.  with  weak  acid  or  weak 
alkali  split  off  very  small  quantities  of  toxic  substances  from 
the  germ  cell ;  that  (e  and  /)  digestion  with  the  enzymes  pepsin 
and  trypsin  split  off  somewhat  large  quantities  of  filterable 
poisonous  bodies,  which,  however,  had  to  be  administered 
in  large  doses,  as  measured  by  nitrogen,  in  order  to  produce 
an  immediate  fatal  result.  Further,  if  the  tryptic  digestion 
were  prolonged,  the  substance  capable  of  causing  the  death 
of  a  guinea-pig  within  twenty-four  hours  disappeared  more 
or  less  completely,  and  the  filtrates  remained  capable  of  but 
one  poisonous  action,  that  of  slow  blood  destruction ;  finally, 
that  {g)  autolysis  at  a  temperature  of  3 8°  C.  for  two  weeks 
proved  to  be  the  method  most  effective  in  setting  free  from 
the  germ  cell  soluble  toxic  substances  which  pass  freely 
through  a  Berkefeld  filter,  and  which  are  capable  of  produc- 
ing in  guinea-pigs,  when  injected  intraperitoneally,  that  train 
of  symptoms,  fatal  result,  and  post-mortem  appearance 
which  have  been  observed  to  follow  inoculations  with  the 
whole  germ  substance. 

6.  A  solution  of  these  substances  it  has  been  shown  can 
be  divided  chemically  into  two  distinct  fractions,  and  with 
each  fraction  can  be  correlated  certain  poisonous  qualities, 
the  alcohol  insoluble  fraction  being  highly  toxic  while  the 
alcohol  soluble  fraction  is  chiefly  hemolytic  in  its  action. 

The  relation  of  the  facts  brought  out  by  this  study  to  the 
preparation  of  the  mixed  toxins  of  streptococcus  and  pro- 
digiosus, and  to  the  therapeutic  value  of  the  preparation  as 
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tested  in  the  treatment  of  sarcomas  in  dogs,  will  be  considered 
in  a  later  paper. 

[It  is  a  pleasure  to  express  my  thanks  to  Dr.  S.  P.  Beebe  for  his 
constant  interest  and  many  suggestions  offered  during  the  progress  of  this 
work.] 
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AGGLUTININS  AND  PRECIPITINS  IN  ANTI-GONOCOCCIC  SERUM.* 

John  C  Torrey. 

{From  the  Department  of  Experimental  Pathology \  Loomis  Laboratory,  Cornell 

University  Medical  College,  New  Yorh.) 

In  December,  1906,  ^described  the  action  and  method  of 
production  of  an  anti-gonococcic  serum,  which  gave  evidence 
of  being  of  therapeutic  value  in  the  treatment  of  gonorrheal 
arthritis.  At  the  time,  announcement  was  made  of  the  fact 
that  the  serum  contained  specific  agglutinins  and  precipitins 
for  gonococcus.  Since  then  a  detailed  investigation  into  the 
nature  of  these  anti-bodies  has  been  carried  on  and  the 
result  of  this  study  is  embodied  in  the  present  paper. 

Until  very  recently  the  problems  concerned  in  experimen- 
tal immunity  to  gonococcus  in  animals  have  received  scant 
attention,  except  as  regards  the  nature  of  the  toxin  of  this 
organism.  Among  the  few  earlier  observations  we  find  that 
Moltschanoff  (1899) 2  was  not  able  to  demonstrate  the 
production  of  agglutinins  in  the  blood  of  rabbits  inoculated 
with  gonotoxin,  and  Jundell  (1900)3  failed  to  obtain  a 
clumping  of  gonococci  with  the  serum  of  patients  with 
gonococcus  metastases. 

Several  months  after  the  above-mentioned  preliminary 
announcement,  Bruckner  and  Cristeanu  4  described  a  serum 
produced  by  immunizing  a  horse  to  several  strains  of 
gonococcus.  This  agglutinated  an  emulsion  of  gonococcus 
passed  through  quadruple  Chardin  filter  paper  at  1-750 
macroscopically,  and  at  1-2,000  microscopically  in  twelve 
hours  at37°C.  A  little  later  (December,  1906)  Vannod* 
published  similar  results.  This  investigator  raised  an  anti- 
serum in  rabbits  by  injecting  increasing  amounts  of  gono- 
coccus nucleo-proteid.  After  five  inoculations  an  animal 
had  a  titer  of  1-200,  and  after  ten,  1-1,000  in  three  hours. 
These  are  the  only  experiments  on  this  subject  which  have 
been  found  in  the  literature. 

*  Received  for  publication  April  12, 1907. 
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Aside  from  its  general  scientific  interest,  two  special 
questions  have  been  held  in  view  in  this  work.  First,  are  all 
strains  of  gonococci  identical,  or  do  they  form  a  group  of 
varieties,  as  is  the  case  with  B.  dysenteriae  and  Streptococcus? 
If  the  latter  proved  to  be  the  case  it  would  be  necessary  in 
producing  a  therapeutic  serum  to  inject  a  number  of  dif- 
ferent strains  into  the  animal  employed  in  order  to  make  the 
serum  as  far  as  possible  polyvalent.  The  second  immediate 
question  has  been  the  determination  of  the  relation,  if  any, 
of  the  agglutinating  power  of  a  serum  and  its  therapeutic 
potency.  It  may  be  said  that  the  experiments  point  clearly 
to  the  conclusion  that  the  gonococcus  family  is  heterogene- 
ous rather  than  homogeneous.  It  may,  in  fact,  be  divided 
into  several  groups,  each  raising  agglutinins  which  are  spe- 
cific for  its  own  group.  The  absorption  experiments,  on 
which  this  conclusion  is  based,  are  given  in  detail  in  the 
latter  portion  of  this  paper.  The  relation  of  the  therapeutic 
properties  of  a  serum  and  its  agglutination  titer  will  be  dis- 
cussed in  another  communication ;  suffice  it  to  say  that  the 
agglutination  test  has  been  found  to  be  a  reliable  index  of 
the  therapeutic  potency  of  an  anti-gonococcic  serum. 

Cultures.  —  The  cultures  employed  in  this  work  have 
been  isolated  from  various  sources.  For  the  sake  of  per- 
spicuity they  are  designated  by  the  first  ten  letters  of  the 
alphabet.  In  the  following  list  the  source  from  which  they 
were  isolated  and  their  original  names  are  given  : 
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Culture. 

Original  Designation. 

A 

"  Edna,"  by  E.  and  H.  * 

"  Muller,"  by  E.  and  H 

"  Keating,"  by  E.  and  H 

"  Gclber,"  by  Wilson 

"  Vargo,"  by  Wilson 

"  Weston/1  by  E.  and  H 

B 

C 

D  ... 

E 

F 

G 

H    

I   

T   

Origin. 


Vagina. 

Urethra. 

Urethra. 

Vagina. 

Periurethral  abscess. 

Vagina. 

Joint. 

Joint. 

Urethra. 

Urethra. 


*  Klser  and  Huntoon. 

All  of  these  strains  have  been  identified  positively  as 
gonococci.  Their  growth  is  typical  in  ascitic  agar  and  in 
ascitic  broth.  They  are  negative  to  Gram's  stain.  On  ordi- 
nary nutrient  beef  agar,  reaction  +.7  to  phenolphthalein,  cult- 
ures A,  B,  D,  E,  I,  and  J  grow  very  feebly  or  not  at  all ; 
cultures  C,  F,  G,  and  H  thrive  better  on  this  medium,  but 
in  no  case  is  the  growth  as  luxuriant  as  on  ascitic  agar. 
Several  cultures,  which  refused  to  grow  without  ascitic  fluid 
when  first  isolated,  after  several  months'  cultivation  showed 
a  slight  growth  on  ordinary  media.  The  addition  of  glucose 
or  glycerine  to  media  does  not,  according  to  my  experience, 
cause  an  increase  of  growth,  but  if  anything  has  an  inhibit- 
ing influence. 

Media. — Until  recently  there  has  been  a  general  impres- 
sion that  gonococcus  will  not  grow  on  media  unless  some 
human  fluid  is  added  to  it.  ,  Neisser  (1889),6  Kiefer 
(1896),7  Wassermann  ( 1898),8  and  Frankel  (1899)  9  have 
laid  emphasis  on  this  point  as  a  distinguishing  one  between 
gonococcus  and  other  Gram-negative  diplococci,  especially 
when  first  isolated  from  pus.  Wertheim  (1892)  10  seems  to 
have  been  the  first  to  recognize  the  fact  that  this  distinction 
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is  not  altogether  valid.  He  found  that  gonococcus  would 
thrive  on  both  plain  and  glycerine  agar,  although  very  much 
less  luxuriantly  than  on  coagulated  human  serum.  Ten 
years  later  Wildbolz  (1902),11  published  the  results  of  some 
experiments  on  the  cultivation  of  various  strains  of  gonococ- 
cus on  ordinary  media.  Out  of  twenty  cultures  he  found 
that  sixteen  grew  moderately  well  on  plain  agar,  slightly 
alkaline  to  litmus,  and  four  did  not.  These  strains  had  been 
growing  for  several  generations  on  serum  agar  before  being 
transplanted  to  the  plain  medium.  To  Thalmann  (1900, 
1902), W,M  however,  belongs  the  credit  of  devising  a  medium 
on  which  all  strains  of  gonococci  may  be  induced  to  grow 
well  without  the  addition  of  any  human  fluid.  The  secret, 
he  thinks,  lies  in  the  proper  reaction.  Although  gonococcus 
will  grow  on  litmus  acid  and  litmus  neutral  media,  it  reaches  its 
optimum  between  this  and  neutralization  to  phenolphthalein, 
viz.,  slight  alkalinity  to  litmus.  As  his  medium  is  very  use- 
ful in  the  study  of  gonococcus  and  has  been  used  extensively  in 
the  experiments  recorded  here,  a  description  of  the  method 
he  uses  in  its  preparation  may  be  given : 

Place  five  hundred  grams  of  chopped  beef  in  one  liter  of  distilled  water. 
Boil  over  free  flame  fifteen  minutes.  Pass  through  flannel.  Add  peptone 
one  percent  and  NaCl  .5  per  cent.  Bring  to  a  boil  over  flame.  Cool  and 
filter.  Heat  the  filtrate  and  add  1.5  per  cent  agar.  Boil  for  forty-five 
minutes  in  a  bath  of  saturated  NaCl  solution.  Neutralize  two-thirds  of  the 
medium  to  phenolphthalein  and  add  it  to  the  remaining  unneutralized  por- 
tion. This  brings  the  reaction  of  the  medium  to  the  proper  point,  about 
+  .1  to  phenolphthalein.  It  may  generally  be  filtered  clear  without  the  use 
of  albumen.  If  cloudy,  the  white  of  one  egg  to  the  liter  is  sufficient  to 
clear  it.  The  proper  reaction  cannot  be  obtained  with  certainty  by 
using  litmus  as  an  indicator. 

This  medium  has  been  used  with  success  by  Strohmberg  in 
Dorpat  in  diagnosing  cases  by  the  planting  of  pus.  Thal- 
mann recommends  it  especially  because  of  its  simplicity, 
durability,  sure  sterility,  transparency,  and  the  certainty  of 
growth.  All  of  the  cultures  employed  in  this  work  grew 
well  on  this  medium  if  transplanted  from  young,  not  more 
than  twenty-four  hour,  ascitic  agar  growths.  After  seven 
or  eight  generations,  however,  they  began  to  die  out  and  it 
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was  necessary  to  start  them  again  from  ascitic  medium. 
Their  longevity,  also,  was  apparently  not  nearly  as  great  as 
on  ascitic  media.  In  ascitic  broth  most  strains  of  gonococ- 
cus  will  remain  alive  for  thirty  to  forty-five  days  and  on 
ascitic  agar  almost  as  long,  if  the  medium  is  not  allowed  to 
dry  out. 

Technic.  —  In  these  experiment5  on  the  agglutination  of 
gonococcus  with  specific  immune  serum,  several  methods  in 
the  preparation  of  emulsions  of  the  organism  were  followed. 
At  first,  young  (two  or  three  day)  ascitic  broth  cultures  were 
centrifuged  and  then  the  deposit  emulsified  in  normal  saline 
solution.  This  proved  to  be  a  very  unsatisfactory  and 
unreliable  method.  Then  the  organism  was  cultured  for 
eighteen  to  twenty  hours  on  ascitic  agar  slants  and  the 
growth  washed  off  and  emulsified  in  normal  saline  solution. 
The  ascitic  agar  was  titrated  to  about  -f-  .3  to  phenolphthalein. 
Medium  of  this  approximate  reaction  may  easily  be  obtained 
in  the  following  way:  The  agar  is  prepared  in  the  usual  way 
with  meat  infusion,  one  per  cent  peptone,  one-half  per  cent 
NaCI  and  two  per  cent  agar  and  titrated  to  +  1.5  to  phenol- 
phthalein. To  two  parts  of  this  agar,  which  has  been 
thoroughly  sterilized,  one  part  of  rich  sterile  ascitic  fluid 
heated  to  550  or  6o°  C.  for  several  days  is  added  and  the 
tube  is  slanted.  It  is  best  to  allow  the  agar  to  dry  out  for  a 
few  days  before  adding  the  ascitic  fluid.  This  fluid  is  always 
slightly  alkaline  to  phenolphthalein,  generally  — .5  to —  .8. 
Although  this  is  a  very  simple  way  of  preparing  the  emul- 
sions, it  seemed  advisable  to  obviate  any  influence  which  the 
presence  of  ascitic  fluid  in  the  medium  might  have  on  the 
agglutinations  by  growing  the  cultures  on  agar  free  from  this 
fluid.  Accordingly,  agar  prepared  after  the  method  of 
Thalmann,  already  described,  was  used  instead.  As  has 
been  stated,  this  medium  is  quite  acid  to  phenolphthalein, 
about  +1.  As  is  the  case  generally  in  agglutination,  gono- 
coccus has  been  found  to  agglutinate  somewhat  higher  when 
grown  on  alkaline  medium  than  when  acid  medium  is  used. 
There  is  also  a  greater  tendency  to  clump  spontaneously 
with  the  former  reaction.     The  results  with  this  acid  medium 
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are  for  that  reason  rather  more  reliable  than  with  alkaline. 
In  other  respects,  too,  this  medium  has  been  found  very 
satisfactory  and  has  been  employed  in  most  of  the  experi- 
ments recorded  here. 

In  making  cultures  for  agglutination  it  is  very  important 
to  transplant  from  stock  cultures  not  more  than  twenty-four 
hours  old.  The  reason  for  this  will  be  explained  in  the  dis- 
cussion of  spontaneous  agglutination.  This  phenomenon  is 
one  which  must  be  constantly  guarded  against.  Different 
strains  of  gonococcus  vary  greatly  in  their  tendency  to 
clump  out  spontaneously.  Some  never  do,  while  others  can 
be  prevented  from  doing  so  only  by  the  most  careful 
tci'hnic.  Strains  C  and  F  were  the  worst  offenders  in  this 
regard.  It  was  found,  however,  that  by  adding  .2  per  cent 
formaldehyde  to  the  normal  saline  solution  used  in  making 
the  emulsions,  spontaneous  clumping  could  be  entirely 
prevented  or  reduced  to  a  minimum  in  every  instance. 

The  emulsions  of  gonococcus  in  normal  saline  solution 
were  always  made  to  as  nearly  as  possible  the  same  density. 
This  standard  density  was  obtained  by  making  a  rather  thick 
emulsion  and  then  diluting  it  and  shaking  it  until  it  became 
ftli^htly  opalescent.  An  emulsion  of  this  character  was  per- 
fectly homogeneous.  A  microscopical  examination  showed 
that  the  gonococci  were  well  scattered.  To  .5  cubic  centi- 
meter of  this  preparation  .5  cubic  centimeter  of  the  diluted 
itcrum  was  added  and  the  tube  thoroughly  shaken.  The 
tubes  containing  the  mixtures  were  then  placed  in  the  incu- 
bator at  370  C.  for  three  hours,  and  after  that  in  room 
temperature  until  the  next  day.  Readings  with  the  aid  of 
a  hand  lens  were  made  as  a  rule  at  the  end  of  one,  two,  three, 
and  twenty-four  hours.  Too  great  care  in  controlling  these 
agglutinations  cannot  be  taken.  A  series  of  tubes  contain- 
ing equal  portions  of  emulsion  of  each  strain  and  normal 
haline  solution  should  always  be  carried  along  with  the 
others.  The  greatest  dependence  was  placed  on  the  reading 
at  the  end  of  three  hours.  If  no  agglutination  could  be 
observed  then,  any  appearing  at  the  end  of  twenty-four 
hours  was  carefully  compared  with  the  control  to  rule  out 
hpontaneous  clumping. 
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Immunization  of  animals.  —  Rabbits  were  inoculated  with 
eight  different  strains  of  gonococcus.  These  consisted  of  the 
eighteen  to  twenty-four  hour  growths  from  two  large  ascitic 
agar  slants  (the  tubes  averaging  2.5  centimeters  in  diameter) 
emulsified  in  normal  saline  solution.  These  living  emulsions 
were  injected  into  the  peritoneal  cavity  every  six  or  seven 
days.  Although  various  strains  of  gonococci  differ  greatly  in 
toxicity,  the  animals  seldom  succumb  to  this  treatment.  At 
first  they  lose  weight,  but  after  four  or  five  inoculations  they 
become  thoroughly  immunized  and  begin  to  gain  weight. 
After  the  rabbits  had  received  nine  to  ten  inoculations, 
extending  over  a  period  of  about  eight  weeks,  the  blood  was 
drawn  from  the  carotid. 

Agglutination  with  normal  serum.  —  A  review  of  the 
meager  literature  on  the  subject  shows  that  the  agglutination 
properties  of  normal  serum  for  gonococci  have  not  been 
described.  In  order,  however,  to  control  properly  the  results 
with  immune  sera,  it  is  essential  that  any  normal  agglutinins 
which  may  be  present  be  taken  into  consideration.  All 
except  two  strains  (D  and  E)  agglutinated  in  normal  rabbit 
serum  in  varying  dilutions.  In  the  sera  of  the  eight  normal 
rabbits  which  were  tested  great  diversity  in  the  titer  for 
various  strains  was  encountered.  In  the  following  table  the 
results  with  the  sera  of  rabbits  representative  of  the  high  and 
low  normal  agglutinations  are  given ;  and  also  the  results 
with  normal  ox  and  normal  horse  serum : 


Agglutinations  ofg 

Table  I. 

ono coccus  with  normal 

sera. 

Sera. 

Cultures 

» 

A. 

B. 

c. 

G. 

H. 

I. 

J- 

Rabbit  I 

200 
IO 

4 
0 

20 

20 

IO 

O 

100 

IO 

200 

SO 
40 

O 

IOO 

O 
O 

200 
20 
80 
20 

20 

Rabbit  II 

29 

Ox  
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The  fact  that  some  normal  rabbit  sera  agglutinate  certain 
cultures  of  gonococcus  in  dilutions  up  to  at  least  1-200 
indicates  that  there  may*  have  been  here  a  fruitful  source  of 
error  in  basing  the  relationship  between  meningococcus  and 
gonococcus  on  comparatively  low  inter-agglutinations  with 
rabbit  immune  serum.  A  peculiar  feature  of  these  agglutina- 
tions with  normal  rabbit  serum  is  the  fact  that  some  strains 
of  gonococcus  always  show  a  marked  "  prae-zone,"  viz.,  in 
dilutions  up  to  i-io,  there  may  be  little  or  no  clumping 
of  the  cocci,  whereas  in  higher  dilutions  it  is  very  marked 
and  appears  early.  Culture  G  invariably  shows  this  "  prae- 
zone,"  while  culture  C  never  does.  The  others  may  show  it 
with  one  serum  and  not  with  another.  So  far  as  I  am  aware, 
this  phenomenon  has  never  been  observed  in  normal  serum 
with  any  other  bacteria. 

Immune  rabbit  sera.  —  The  following  table  (II.)  is  based 
on  a  great  many  observations  with  living  and  formalized 
emulsions  of  gonococci  grown  on  media  with  and  without 
ascitic  fluid.  At  times  there  has  appeared  some  variation  in 
the  titer  of  the  different  strains  with  the  same  serum.  This 
is  due,  no  doubt,  to  slight  changes  in  the  vitality  of  the  cult- 
ures and  variations  in  the  culture  media.  The  figures  in 
Table  II.,  however,  indicate  correctly  the  relationship  of  the 
agglutinability  of  the  various  strains.  In  order  to  find  out 
the  titer  of  a  serum  for  each  strain,  one  should  read  down  a 
column ;  to  determine  the  height  of  agglutination  of  a  single 
strain  with  each  of  the  eight  sera,  one  should  read  across  a 
line.  The  "  homologous "  agglutinations  run  diagonally 
across   the   table. 
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In  studying  this  table,  the  first  thing  that  strikes  one  is 

m 

the  great  variation  in  the  agglutinability  of  the  different 
strains.  Certain  ones  like  A  and  B  are  very  good  agglutina- 
tors  with  their  homologous  sera,  while  others  like  D  clump 
only  in  low  dilutions  even  with  their  homologous  sera.  If 
only  one  serum  was  used  in  the  experiments  it  might  seem 
doubtful  whether  or  not  some  of  these  strains  are  true  gono- 
cocci,  but  by  using  a  number  of  immune  sera,  for  example 
B,  C,  and  G,  it  is  possible  to  find  one  or  more  with  which 
each  culture  has  a  fairly  high  titer.  This,  however,  may  not 
be  its  homologous  serum  as  is  shown  by  culture  D,  which 
agglutinates  four  times  as  high  in  sera  A  and  B  as  it  does  in 
its  own  serum  D.  In  the  majority  of  cases,  nevertheless,  the 
highest  titer  for  a  culture  is  with  the  serum  raised  by  it. 

With  some  of  the  stronger  sera  the  agglutination  of  cult- 
ures A  and  B  was  very  rapid.  Taking  for  example  serum  B, 
in  fifteen  minutes  with  culture  B  the  clumps  were  plainly 
visible  to  the  naked  eye  at  1-200,  and  with  a  hand  lens  at 
1-400.  In  thirty  minutes  the  same  was  true  at  1-400  with 
the  naked  eye,  and  at  1-10,000  with  the  hand  lens.  The 
other  cultures,  except  H,  did  not  show  any  clumping  until 
the  reading  at  the  end  of  the  hour.  In  the  majority  of 
instances  the  highest  reaction  of  a  culture  could  be  deter- 
mined by  the  aid  of  a  hand  lens  at  the  three-hour  reading, 
especially  after  the  tubes  had  been  in  the  room  temperature 
for  a  few  minutes.  As  is  generally  the  case  in  agglutination 
the  change  from  incubator  to  room  temperature  hastens  the 
reaction.  Another  point  of  importance  indicated  in  this 
table  is  that  some  cultures  like  B  and  G  raise  more  general 
agglutinations  for  all  the  cultures  used,  while  other  cultures, 
as  C,  and  especially  culture  A,  produce  sera  which  are 
markedly  specific. 

The  remarkable  titer  of  culture  A  in  its  own  serum  A  calls 
for  more  than  passing  notice.  As  far  as  I  am  aware  no 
agglutination  as  at  great  dilution  has  been  described  for  any 
cocci  or  diplococci.  Durham  H  has  described  a  still  more 
potent  serum  for  typhoid.  By  inoculating  a  rabbit  for  about 
two   years  with    large  quantities  of  culture   he  obtained    a 
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tation in  these  control  tubes. 
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It  is  rather  surprising  to  find  that  a  culture  grown  on 
ascitic  agar  agglutinates  more  rapidly  and  higher  than  one 
grown  on  agar  without  ascitic  fluid,  as  the  presence  of  such 
fluid  generally  has  an  inhibitory  influence.  This  latter  is  the 
case  with  strains  G,  H,  I,  and  J,  as  they  agglutinate  higher 
with  serum  A  when  grown  on  agar  without  ascitic  fluid. 
With  the  other  sera,  also,  the  use  of  ascitic  fluid  seems  to 
exercise  a  slight  inhibiting  influence. 

As  has  already  been  indicated,  a  "  prae-zone,"  in  which  there 
is  no  agglutination,  is  frequently  encountered  in  the  normal 
sera  of  the  rabbit,  especially  when  certain  cultures  are  used. 
This  same  phenomenon  is  also  often  met  with  in  testing  sera 
immune  to  gonococcus.  The  same  cultures,  too,  seem  to 
show  a  marked  tendency  in  this  direction.  With  serum  H, 
the  reading  for  culture  G  at  one  hour  was  —  at  i-io,  +  at 
i-ioo,  +  at  1-200,  +  L  at  1-500,  and  —  at  1-2,000.  A 
similar  result  was  obtained  with  sera  D  and  I,  the  "  prae- 
zone  extending  to  1-200.  The  number  of  inoculations 
the  animal  has  received  seems  to  have  nothing  to  do  with 
this  phenomenon,  for  a  rabbit  which  had  received  only  one 
inoculation  with  culture  B  showed  a  marked  "  prae-zone  "  for 
cultures  A,  B,  D,  and  E  at  1-10,  whereas  in  the  serum  of  an 
animal  which  had  received  ten  inoculations  there  was  no 
such  zone.  With  the  sera  of  highly  immunized  goats  and 
sheep,  cultures  B  and  A  agglutinated  poorly  or  nor  at  all  in 
the  low  dilutions,  whereas  C  did  so.  Culture  C  never  showed 
a  "  prae-zone  "  with  any  serum,  normal  or  immune.  This 
phenomenon,  with  gonococcus  at  least,  seems  to  be  a  purely 
physical  one,  and  the  term  "  pro-agglutinoids "  with  its 
biological  implication  would  be  misapplied. 

As  has  been  mentioned,  the  cultures  used  in  the  inocula- 
tion of  these  rabbits  were  grown  on  ascitic  agar.  To  forestall 
any  possible  criticism  of  the  use  of  ascitic  fluid  in  the  media, 
rabbits  were  inoculated  with  cultures  C  and  G  grown  on 
Thalmann's  plain  agar.  Except  with  culture  C  there  was  no 
noteworthy  difference  in  the  sera  raised  in  the  two  ways. 
Culture  C,  however,  agglutinated  very  much  better  in  serum 
produced  with   C  cultures  grown   on  media  without  ascitic 
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fluid.  The  highest  titer  obtained,  using  the  first  method,  was 
1-5,000,  whereas  with  the  second  technic  the  agglutination 
was  very  rapid  and  complete  up  to  1-50,000.  It  is  possible 
that  this  was  due  in  a  measure  to  the  idiosyncrasy  of  the 
rabbit. 

In  producing  a  serum  for  therapeutic  purposes,  goats  and 
rams  have  been  largely  used.  The  agglutinative  value  of 
their  sera  is  never  as  high  as  in  rabbits,  in  all  probability 
because  it  is  not  practical  to  give  them  as  large  proportional 
inoculations.  The  highest  titer  with  the  goat  immune  serum 
for  culture  A  was  1-2,000,  and  of  that  with  ram  serum, 
1-10,000. 

The  following  experiment  is  designed  to  show  the  effect 
of  the  number  of  inoculations  on  the  titer  for  each  strain.  In 
this  table  (IV.)  are  compared  the  agglutination  with  normal 
rabbit  serum,  with  rabbit  immune  serum  after  one  inocu- 
lation with  culture  B,  after  five  inoculations  and  after  nine 
inoculations  of  the  Same  organism.  The  serum  of  the  first 
two  columns  is  from  the  same  rabbit,  and  that  of  the  last  two 
from  another  rabbit. 


Table  IV. 

The  amount  of  agglutinin  which  is  produced  after  one,  Jive,  and  nine  inoculations  of 

culture  B. 


Sera. 

Cultures. 

A. 

B. 

C. 

D. 

£. 

F. 

G. 

5o 
0 

aoo 

300 

H. 

So 

0 

400 

3,000 

I. 

J. 

Normal  rabbit  serum  *  . . 
Same  rabbit  alter  one 

Another  rabbit  after  five 

Same  rabbit  as  preced- 
ing after  nine  lnocula- 

10 
1,000 
Sfooo 

ao,ooo 

20 
600 

J0,0O0 

SO 
4OO 
800 

3,000 

0 
400 
800 

400 

0 
400 
200 

100 

So 

50 
800 

1,000 

ao 

10 

800 

I. 000 

JO 

400 

1. mo 

•The  lowest  test  was  made  al  i-io. 


A  striking  feature  of  this  table  is  the  rapidity  with  which 
agglutinins  are  produced  for  cultures  A  and  B  and  to  a 
somewhat  less  extent  for  C  and  D.     On  the  other  hand,  for 
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cultures  G,  H,  and  I  there  is  an  actual  loss  after  the  first 
inoculation  of  even  the  agglutinins  in  the  normal  serum. 
With  culture  G,  the  maximum  titer  appears  after  five  inocu- 
lations, and  with  D,  after  one  inoculation.  Further  inocula- 
tions cause  no  increase  in  the  height  of  agglutination  for 
these  cultures  and  for  culture  E  even  bring  about  a  decrease 
in  agglutination.  Conditions  such  as  these  indicate  the 
probability  that  we  are  dealing  here  with  at  least  two  sets  of 
agglutinins.  The  one,  specific  or  major,  which  are  produced 
with  great  rapidity  and  agglutinate  cultures  A  and  B  in  high 
dilutions,  and  the  other,  minor  or  group  agglutinins,  which 
cause  the  clumping  of  the  other  strains.  In  order  to  verify 
this  supposition  we  must  direct  our  attention  to  absorption 
experiments. 

Absorption  experiments.  Technic.  —  These  absorp- 
tions, with  one  exception,  were  carried  out  with  cultures 
grown  on  agar  without  ascitic  fluid.  All  sera  were  diluted  to 
1-50  and  then  ten  cubic  centimeters  of  this  dilution  was 
absorbed  with  the  growth  from  a  definite  number  of  cultures 
for  each  serum.  For  example,  ten  cubic  entimeters  of 
diluted  G  serum  (which  is  equivalent  to  1/5  cubic  centimeter 
of  undiluted)  was  always  absorbed  with  the  growth  from  six 
cultures.  After  two  hours  at  incubator  temperature  the 
mixture  of  serum  and  gonococcus  was  centrifugalized  for 
seven  to  ten  minutes.  This  proved  sufficient  in  nearly  all 
cases  to  clear  the  serum.  Control  experiments,  which  were 
carried  out  with  unabsorbed  serum,  seemed  to  show  that  the 
physical  conditions  to  which  the  serum  is  subjected  in  this 
technic  cause  little  if  any  destruction  of  agglutinin. 

In  the  following  table  (V.)  the  results  of  the  absorption  of 
serif  m  B  with  cultures  A,  C,  and  D  are  given.  The  lowest 
test  of  absorbed  serum  was  necessarily  made  at  1-100. 
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Table  V. 

Serum  B  absorbed  with  cultures  A,  C,  and  D.     The  growth  from  six  tubes  used 

in  the  absorptions  with  cultures  C  and  D. 


Cultures. 


A 

B 

C 

D 

E 

F 

G 

H 

I 

J 


Serum  B  before 
Absorption. 


20,000 

20,000 

2,000 

400 

IOO 

1,000 

200 

2,000 

1,000 

I,000 


Serum  B  after 

Absorption  with 

Culture  A.* 


1,000 
400 

o 
Not  tested. 
Not  tested. 
100 
[,000 


1,000 


Not  tested. 


Serum  B  after 

Absorption  with 

Culture  C. 


20,000 

20,000 

O 

O 

O 

1 ,000 

200 

2,000 

1,000 

I,OCO 


Serum  B  after 

Absorption  with 

Culture  D. 


20,000 

20,000 

2,000 

O 

O 

I,000 

200 

2,000 

I,000 

I,000 


*  The  growth  from  five  ascitic  agar  tubes  was  used  in  this  absorption. 

From  these  experiments  it  .appears  that  there  are  at  least 
four  different  groups  of  agglutinin  in  this  serum.  First,  the 
agglutinin  for  cultures  D  and  E.  This  is  evidently  different 
from  that  for  culture  C,  for  although  culture  D  absorbs  all 
the  agglutinin  for  culture  E,  this  culture  does  not  take  out 
any  of  the  agglutinin  for  C.  Second,  that  for  culture  C. 
When  this  is  removed  from  the  serum  by  absorption  the 
agglutinins  for  A,  B,  F,  G,  H,  I,  and  J  are  not  reduced  in 
amount,  although  those  for  D  and  £  are  all  absorbed. 
Third,  the  agglutinin  for  cultures  F  to  G,  which  is  not 
removed  by  absorption  with  C  and  D  and  which  the  follow- 
ing tables  show  is  quite  distinct  from  the  agglutinins  for  A 
and  B.  Fourth,  the  major  or  specific  agglutinins  for  B, 
which  are  absorbed  in  part  by  culture  A,  together  with  all 
the  other  group  agglutinins  except  those  for  I.  This  fact 
shows  that  cultures  A  and  B  are  practically  identical  or 
very  closely  related    organisms.     For   further   light  on  the 
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inter-relationship   of    these   cultures   Ave   must    pass  on   to 
absorption  of  other  sera. 

Table  VI. 

Serum  C  absorbed  with  cultures  A,  G,  and  I.     The  growth  from  three  tubes  used 

in  each  absorption. 


Cultures. 


A 
B 
C 
E 
F 
I 

J 


Serum  C  before 
Absorption. 


20O 
800 
5,000 
400 
200 
200 
400 


Serum  C  after 

Absorption  with 

Culture  A. 


O 
O 
5,000 
O 
O 
200 
O 


Serum  C  after 

Absorption  with 

Culture  G. 


IOO 
400 
5,000 
O 
200 
200 
200 


Serum  C  after 

Absorption  with 

Culture  I. 


IOO 

400 

5,000 

O 
200 

O 
200 


With  serum  C,  then,  we  find  that  absorption  with  cultures 
A,  G,  and  I  have  absolutely  no  effect  on  the  agglutinins  for 
culture  C,  viz.,  the  major  agglutinins.  These  cultures, 
accordingly,  are  specifically  different  from  C  as  far  as  agglu- 
tination is  concerned.  In  the  absorption  of  this  serum  with 
culture  A  the  agglutinins  for  cultures  B,  E,  F,  and  J  are  also 
removed,  and  yet  in  absorbing  with  the  same  amount  of 
culture  I  only  the  agglutinins  for  £  are  taken  out,  although 
the  titer  of  these  two  cultures  is  the  same  in  unabsorbed 
serum  C.  This  shows  that  one  cannot  judge  of  the  absorb- 
ing qualities  of  a  culture  from  the  height  of  its  agglutination  ; 
for  example,  a  culture  of  gonococcus  may  have  a  high  titer 
in  a  serum  produced  by  another  strain,  and  yet  may  absorb 
little  more  than  its  own  agglutinins.  Referring  back  to 
Table  V.  we  find  this  point  illustrated  in  another  way. 
Although  culture  C  agglutinates  well  in  serum  B,  it  absorbs 
only  the  agglutinins  for  cultures  D  and  E.  The  agglutinins 
for  these  two  cultures,  by  the  way,  are  removed  far  more 
readily  in  all  the  experiments  than  those  for  the  other  strains. 
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Even  culture  G,  which  agglutinates  no  higher  than  1-50  with 
C  serum,  removes  from  it  the  agglutinin  for  E. 

The  larger  part  of  the  absorption  experiments  were  carried 
out  with  serum  G,  as  the  agglutinations  by  this  serum  of  all 
the  various  strains  were  fairly  high. 


Table  VII. 

Serum   G  absorbed  with  cultures  A,  C,  Ey  Fy  /V,  /,  and  y. 

six  tubes  was  used  in  each  absorption. 


The  growth  from 


ft 

m 

t 

0 

"5 

Serum  G  before 
Absorption. 

Serum  G  after 
Absorption  with 
Culture  A. 

Serum  G  after 
Absorption  with 
Culture  C. 

Serum-  G  after 
Absorption  with 
Culture  £. 

Serum  G  after 
Absorption  with 
Culture  F. 

Scrum  G  after 
Absorption  with 
CuJturc  H. 

Serum  G  after 
Absorption  with 
Culture  I. 

Serum  G  after 
Absorption  with 
Culture  J. 

*v  •  • . . 

800 

0 

800 

800 

800 

0 

100 

Soo 

B  * . .  • 

400 

400 

400 

400 

100 

300 

100 

0 

^  .  •  •  ■ 

800 

0 

0 

0 

0 

0 

0 

0 

D  .... 

300 

0 

100 

0 

300 

0 

0 

0 

u>  . .  • . 

800 

0 

400 

0 

0 

0 

0 

aoo 

F  .... 

800 

0 

400 

400 

0 

0 

0 

Sco 

G  ... 

3,000 

3,000 

3,000 

3,000 

3,000 

800 

800 

3,000 

H  • . . . 

2,000 

3,000 

3,000 

3,000 

I.0O0 

800 

800 

3,000 

3,000 

3,000 

3,  OOO 

3,000 

3,000 

800 

800 

3,000 

J 

400 

400 

aoo 

100 

100 

0 

Of  the  seven  strains  tested,  only  two,  H  and  I,  remove  in 
part  the  agglutinins  for  G,  viz.,  the  specific  or  major  agglu- 
tinins. These  two  cultures,  too,  act  on  all  the  minor  or 
group  agglutinins.  We  may  conclude,  then,  that  cultures  G, 
H,  and  I  are  identical  or  very  closely  related.  The  cultures 
A  and  B  are  not  agglutinated  by  identical  minor  agglutinins, 
although  these  cultures  are  clumped  by  the  same  major 
agglutinins.  Culture  A  absorbs  none  of  the  agglutinins  for 
culture  B,  and,  on  the  other  hand,  culture  J  removes  all  the 
agglutinin  for  B  and  none  for  A.  In  none  of  these  experi- 
ments has  culture  C  shown  the  slightest  agglutination  rela- 
tionship to  the  group  A,  B  on  the  one  side,  nor  to  group  G, 
H,  I  on  the  other. 
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Sufficient  data  have  certainly  been  presented  to  indicate 
the  confusing  nature  of  these  agglutinin  relationships  as 
revealed  by  absorption  experiments;  and  also  possibly 
enough  to  weaken  our  confidence  in  the  dictum  that  specific 
relationship  should  be  based  on  the  absorption  of  major 
agglutinins  from  a  serum.  If  we  accept  this  principle,  the 
conclusion  is  unavoidable  that  the  term  gonococcus  covers 
a  large  number  of  organisms  which  differ  among  themselves 
as  greatly  as  the  different  types  of  the  dysentery  bacillus  or 
the  streptococcus  group.  Unfortunately,  the  enzymatic  activ- 
ities of  gonococcus  on  sugars  is  practically  nothing,  and  so 
we  cannot  make  use  of  such  differences  in  dividing  the 
several  cultures  into  groups.  Basing  our  conclusions,  how- 
ever, entirely  on  the  results  of  the  absorption  experiments, 
we  find  three  types  which  agglutinate  wholly  independently 
of  one  another. 

Type  I.  Represented  by  cultures  A  and  B.  —  They  are 
very  good  agglutinators  in  their  own  serum  and  also  give 
rise  to  agglutinin  quickly  and  abundantly.  These  are 
induced  to  grow  on  ordinary  agar  with  difficulty,  and  die 
out  much  more  quickly  than  the  others  under  most  favor- 
able circumstances.  Culture  A  is  much  more  toxic  for  lab- 
oratory animals  than  any  other  which  was  used.  Culture  B 
is  also  decidedly  toxic. 

Type  II.  Represented  by  cultures  G,  H,  and  I. —  These 
are  not  agglutinated  by  the  same  agglutinins  as  Type  I.  or 
Type  III.  They  agglutinate  and  raise  agglutinins  moderately 
well.  G  and  H  grow  quite  readily  on  agar  without  ascitic 
fluid;  I,  much  less  so.  Moderately  toxic  for  laboratory 
animals. 

Type  III.  Represented  by  culture  C.  —  This  is  not  agglu- 
tinated by  the  same  agglutinins  as  Type  I.  or  Type  II.  It 
agglutinates  fairly  well  and  grows  very  readily  on  agar  with- 
out ascitic  fluid.  Slightly  toxic  for  laboratory  animals,  less 
than  Type  II. 

By  describing  these  types  of  gonococci  it  is  not  implied, 
by  any  means,  that  all  cultures  of  gonococci  may  be  classi- 
fied   under   them.     There  are   all    manner   of  intermediate 
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forms  and  variations.  Cultures  D  and.  E  cannot  be  placed 
under  any  one  of  these  types,  for  although  they  are  not 
cultivated  easily  on  agar  without  ascitic  fluid,  and  in  that 
respect  resemble  Type  I.,  they  are  poor  agglutinators  and  are 
not  clumped  by  the  same  agglutinins  as  that  type.  Again, 
cultures  F  and  J  bear  some  agglutinative  relationship  to 
Type  I.,  but  are  not  especially  toxic. 

Gonococcus  is  a  purely  parasitic  organism  which  may 
attack  many  different  parts  of  the  host.  It  is  natural  to 
suppose  that  the  diverse  environments  to  which  this  organism 
is  subjected  must  call  forth  adaptive  changes ;  actively  as 
regards  its  growth,  and  passively  as  regards  its  reaction  to 
sera.  Similar  variations  hkve  long  been  known  in  strepto- 
coccus, and  it  is  still  a  moot  question  whether  they  are  of 
major  or  minor  importance.  As  regards  B.  dysenteriae  there 
are  a  number  of  types  which  differ  fundamentally  in  their 
enzymatic  activities  and  the  agglutinin  and  immune  bodies 
which  they  produce.  That  cultures  of  gonococci  differ 
greatly  as  regards  the  ease  with  which  they  may  be  culti- 
vated outside  the  body,  and  the  agglutinins  to  which  they  give 
rise,  is  certainly  true.  Whether  these  differences  are  suf- 
ficiently great  to  make  it  necessary  to  take  them  into  con- 
sideration in  serum-therapy  is  the  point  of  practical  interest. 
This  will  be  discussed  from  other  points  of  view  in  subse- 
quent articles.  Suffice  it  to  say  at  this  point  that  the 
evidence  seems  to  warrant  the  employment  of  cultures 
representing  each  of  the  several  main  types  of  gonococcus  in 
the  production  of  a  serum  for  therapeutic  purposes. 

Effect  of  the  passage  through  animals  on  the  aggluti- 
nability  of  a  culture  of  gonococcus.  —  It  has  been  shown  for  a 
number  of  bacteria  that  their  passage  through  laboratory 
animals  causes  a  marked  decrease  in  their  agglutinability. 
This  has  been  found  to  be  true  for  B.  typhosus  by  Buxton 
and  Vaughan ;  16  and  for  streptococcus  by  Neufeld 17  and 
Aronson.18 

In  the  following  table  (VIII.)  the  titer  of  culture  A  in 
serum  A  is  indicated  after  a  number  of  passages  through  the 
peritoneal  cavity  of  guinea-pigs. 
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Table  VIII. 

Effect  on  the  agglutinaHlity  of  a  culture  of  gonococcus  of  passage  through  a  series 

of  guinea-pigs. 


Cultures. 

Serum. 

Culture 
A. 

Culture  A 

passed 

through 

One  Pig. 

Culture  A 

passed 

tnrough 

Three  Pigs. 

Culture  A 

passed 

tnrough 

Six  Pigs. 

Culture  A 

passed 

tnrough 

Eight  Pigs. 

Culture  A 

passed 

tnrough 

Ten  Pigs. 

A 

700,000 

5,000 

2,000 

5,000 

5,000 

1 

2,000 

By  the  first  passage  through  the  peritoneal  cavity  of  a 
guinea-pig  there  was  a  very  marked  decrease  in  the  agglu- 
tinability of  culture  A  in  the  serum  raised  by  it.  This 
amounted  to  one  hundred  and  forty  times.  After  the  third 
passage  there  was  another  slight  reduction,  but  there  was  no 
further  decrease  even  after  the  passage  through  ten  pigs. 
Exactly  the  same  results  were  obtained  by  Buxton  arid 
Vaughan 16  with  B.  typhosus. 

Agglutination  of  meningococcus  in  anti-gonococcic 
serum.  —  Bruckner  and  Cristeanu  found  that  the  serum  of 
the  horse,  which  they  immunized  to  several  strains  of  gono- 
coccus grown  on  coagulated  serum,  agglutinated  meningo- 
coccus in  as  high  dilutions  as  it  did  gonococcus.  The  titer  for 
gonococcus  was  1-2,000  and  that  for  meningococcus  exactly 
the  same.  Vannod,  also,  found  an  inter-agglutination  rela- 
tionship between  gonococcus  and  meningococcus.  His  anti- 
gonococcic  serum  with  its  titer  of  1-1,000  for  gonococcus, 
agglutinated  meningococcus  as  high  as  1-300.  The  latter 
investigator  used  a  nucleo-proteid  of  gonococcus  in  immu- 
nizing his  rabbits.  Through  the  kindness  of  Dr.  Elser  and 
Dr.  Huntoon,  I  obtained  a  culture  of  meningococcus,  which, 
according  to  their  tests,  agglutinates  very  well  in  anti-menin- 
gococcic  serum.  With  potent  sera  its  titer  was  1-7,000. 
In  the  following  table  (IX.)  its  titers  with  the  eight  gono- 
coccus sera  are  given.  For  comparison,  the  agglutinative 
value  of  the  homologous  strain  of  gonococcus  in  its  own 
serum  is  added. 
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Table  IX. 
Agglutination  of  meningococcus  in  the  various 


C '<;*<»'««. 


i 
A.     •     B.  C.  D.  K.     I     G.  H. 


'/*',«»,  ,,,,,,,,.,.,.  700,000     jo^ooo     5,000    i      too    ,  3/100    !  */xx»       a/x»       s/no 
M*ftJ»f'Coc<:i}«,..«...  50  100  10  500  50    I        jo  50    '        10 


With  the  exception  of  serum  D,  meningococcus  aggluti- 
nates only  in  very  low  dilutions  of  these  anti-gonococcic 
sera,  in  fact  little  higher  than  they  do  in  normal  rabbit 
serum.  The  rabbit  immunized  to  culture  D  had  received 
about  half  as  many  inoculations  as  the  others,  and  its  serum 
was  possibly  for  that  reason  less  specific  than  that  of  the 
more  highly  immunized  animals.  The  results,  as  a  whole, 
certainly  show  very  little  agglutinative  relationship  between 
the  gonococci  and  the  meningococcus  employed  in  these 
tests. 

Spontaneous  agglutination.  —  As  has  been  stated,  some 
strains  of  gonococcus  clump  spontaneously  under  certain 
conditions,  due,  probably,  to  their  having  been  cultivated  for 
many  generations  in  serum  media.  In  a  study  of  their 
agglutination  with  immune  sera  this  must  be  continually 
borne  in  mind  and  guarded  against.  A  number  of  factors 
which  tend  to  bring  about  spontaneous  agglutination  may  be 
mentioned.  It  has  been  found  that  if  the  culture  used  in 
the  agglutination  test  has  been  planted  from  a  culture  several 
days  old  there  is  a  far  greater  tendency  to  clump  out  spon- 
taneously than  if  one  twenty-four  hours  old  is  used.  Another 
predisposing  factor  is  too  great  moisture  of  the  agar.  It  is 
better  to  let  the  media  dry  out  a  little  before  making  cultures 
for  agglutination  tests.  The  addition  of  ascitic  fluid  to  the 
media,  especially  if  this  fluid  is  rich  in  albumen,  may  also 
cause  more  or  less  rapid  spontaneous  agglutination  with 
some  cultures.  If  ascitic  agar  is  used  it  is  best  to  choose  an 
ascitic  fluid  which   is  thin  and  poor  in  albumen.     As  has 
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already  been  mentioned,  however,  the  results  in  this  paper 
are  based  almost  entirely  on  tests  made  with  cultures  grown 
on  agar  to  which  no  ascitic  fluid  has  been  added.  As  was 
indicated  in  the  first  part  of  this  paper,  a  very  useful  expe- 
dient in  preventing  this  pseudo-agglutination  is  to  make  the 
emulsions  of  the  organism  in  normal  saline  solution  to  which 
.2  per  cent  formaldehyde  has  been  added.  If  these  precau- 
tions are  observed,  spontaneous  clumping  may  be  entirely 
eliminated. 

A  peculiar  fact  in  connection  with  this  phenomenon  is  the 
inhibitory  influence  which  serum  may  have  on  it.  It  might 
be  expected  that  spontaneous  agglutination  would  be  as 
marked  in  all  dilutions  of  immune  or  normal  serum  as  it  is  in 
the  normal  saline  solution  control.  Such,  however,  is  not 
the  case.  In  the  lower  dilutions  of  the  serum  the  clumping 
is  as  rapid  or  more  so  than  in  the  control,  depending  upon 
the  amount  of  agglutinin.  But  in  the  high  dilutions  there 
may  be  no  agglutination  at  all.  In  absorbed  serum,  also,  if 
all  the  agglutinins  for  one  of  these  cultures,  which  have  a 
tendency  to  clump  spontaneously,  have  been  extracted,  the 
culture  will  not  clump  at  all  in  the  lower  dilutions,  or  far  less 
than  the  control.  It  is  evident  that  dilutions  of  serum  in 
which  there  are  no  agglutinins  for  a  culture  of  gonococcus,  as 
is  the  case  when  it  is  highly  diluted  or  absorbed,  change 
the  physical  conditions  of  the  solution  in  such  a  way  as  to 
prevent  the  cocci  from  clumping  together  spontaneously. 

Precipitins. — With  the  exception  of  the  first  announce- 
ment by  the  writer  of  specific  precipitins  in  anti-gonococcic 
serum,  there  is  only  one  article  bearing  on  this  subject,  and 
that  is  a  very  brief  note  by  Bruckner  and  Cristeanu  4  to  which 
reference  has  already  been  made.  These  investigators  pre- 
pared the  precipitinogen  by  macerating  cultures  grown  on 
serum  agar  in  .15  per  cent  solution  of  NaOH,  and  then  filter- 
ing through  porcelain.  They  give  no  details,  but  merely 
state  that  a  filtrate  prepared  in  this  way  gives  an  abundant 
precipitation  with  anti-gonococcic  serum,  but  none  with 
normal    serum.      They    obtained    the    same    precipitation, 
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however,  with  gonococcic  immune  serum,  if  an  extract  of 
meningococcus  prepared  in  the  same  way  was  used.  A 
maceration  of  gonococci  in  normal  saline  solution  for  twenty- 
four  to  forty-eight  hours  produced  only  a  feeble  precipiti- 
nogen. 

It  was  found  very  early  in  the  experiments  recorded  here, 
that  if  ascitic  agar  cultures  were  used  in  producing  the 
immune  serum  then  the  precipitinogen  must  be  prepared 
from  cultures  grown  in  media  without  a  trace  of  ascitic  fluid. 
Even  the  serum  from  animals  inoculated  with  the  growth 
scraped  off  from  ascitic  agar  precipitates  heavily  broth  which 
contains  a  very  small  amount  of  ascitic  fluid  or  salt  solution 
with  which  the  surface  of  an  ascitic  agar  tube  has  been  rinsed. 
In  order  to  overcome  this  difficulty  a  series  of  precipitation 
tests  were  carried  out  with  filtrates  of  cultures  grown  in  plain 
broth  prepared  according  to  Thalmann's  method.  Cultures 
of  gonococcus  were  selected  which  grow  well  in  this  medium. 
These,  and  also  cultures  of  meningococcus,  M.  catarrhalis 
and  staphylococcus,  were  planted  in  small  flasks  of  this  broth, 
titrating  +  .8  to  phenolphthalein,and  incubated  for  five  weeks, 
the  cotton  plugs  being  paraffined  to  prevent  evaporation. 
The  filtrates  were  obtained  by  passing  the  broth  cultures 
through  a  layer  of  sterile  talc  on  filter  paper.  They  were 
perfectly  clear.  The  experiments  were  controlled  with 
sterile  broth  of  the  same  character.  In  the  following  table 
(X.)  the  titers  with  five  anti-gonococcic  sera  are  given. 

In  making  the  tests  .5  cubic  centimeter  of  the  filtrate  was  added  to 
.5  cubic  centimeter  of  the  serum  dilution  and  the  tubes  were  then  briskly 
shaken.  Readings  were  taken  at  the  end  of  one,  four,  and  twenty-four 
hours.  The  tubes  were  placed  in  the  incubator  at  370  C.  for  four  hours, 
then  in  room  temperature.  The  highest  dilution  in  which  flocculi  could 
be  distinctly  seen  at  the  end  of  twenty-four  hours  with  the  aid  of  a  hand 
lens  is  given  in  the  table. 


\ 
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Table  X. 
Precipitations  -with  filtrates  of  broth  cultures. 


Filtrates. 


D 
F 


Sera. 


Meningococcus  . 

Catarrhalii 

Staphylococcus.. 
Control 


Normal 
Rabbit. 

Rabbit 
A. 

O 

200 

Cloud  at  4. 

35° l 

Cloud  at  4. 

200 

Cloud  at  10. 

50 » 

0 

0 

0 

O 

O 

Rabbit 
B. 


IOO 

50 
IOO 

SO 

o 
o 
o 


Rabbit 
C. 

Rabbit 
D. 

50 

20 

20 

2O0 

IOO 

IOO 

4 

O 

0 

O 

0 

O 

0 

O 

Rabbit 
G. 


50 
50 
20 

4 
O 

o 
o 


1  Trace  in  twenty-four  hours  at  500. 
'Trace  in  twenty-four  hours  at  150. 


With  normal  rabbit  serum  there  was  practically  no 
reaction  with  any  of  the  filtrates.  A  slight  cloud  appeared 
in  four  hours  with  filtrates  D  and  F  at  a  dilution  of 
1-4  and  with  meningococcus  up  to  1-10.  No  flocculi, 
however,  were  visible,  nor  any  precipitate.  Of  the  immune 
sera,  A  caused  much  the  highest  precipitation,  in  like 
manner  as  it  has  been  shown  to  contain  the  greatest 
amount  of  agglutinin  for  culture  A  at  least.  Although 
culture  C  agglutinated  much  higher  in  its  own  serum  C  than 
in  serum  A,  yet  it  precipitated  four  times  as  high  in  the 
latter.  Filtrate  D  precipitated  seven  times  as  high  in  serum 
A  as  in  serum  B,  and  yet  its  agglutination  titer  was  the  same 
in  each.  There  seems  to  be,  accordingly,  no  relation  between 
the  agglutinating  and  precipitating  values  of  these  gonococ- 
cic  anti-sera  and  cultures.  Culture  D  actually  precipitates 
twice  as  high  as  it  agglutinates  in  its  own  serum.  All  of  the 
immune  sera,  except  D,  contain  some  precipitins  for  men- 
ingococcus, and  yet  in  serum  D  we  have  found  the  greatest 
amount  of  agglutinin  for  this  organism.     Bruckner  and  his 
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colleagues  found  that  there  was  as  much  precipitin  for 
meningococcus  in  the  serum  of  an  animal  immunized  to 
gonococcus  as  for  gonococcus.  The  experiments  recorded 
here  do  not  lead  one  to  that  conclusion.  In  the  five  sera 
which  were  tested,  the  meningococcus  filtrate  precipitated  in 
not  higher  than  one-fifth  the  optimum  titer  of  the  gonococ- 
cus filtrates,  and  generally  only  in  one-tenth  or  less.  The 
results  of  Bruckner  and  Cristeanu  may  be  explained  prob- 
ably on  the  ground  that  they  used  serum  agar  cultures  in 
immunizing  their  animals  and  extracts  from  serum  agar 
cultures  in  testing  for  precipitins.  As  has  been  stated,  the 
precipitins  raised  for  the  serum  in  the  media,  when  this  tech- 
nic  is  used,  entirely  mask  the  precipitins  for  the  cultures 
themselves.  My  results,  certainly,  seem  to  indicate  some 
relationship  between  gonococcus  and  meningococcus,  but  not 
ns  close  a  one  as  is  implied  in  the  results  of  the  above-men- 
tioned investigators.  For  M.  catarrhalis  there  were  no  pre- 
cipitins in  the  various  anti-gonococcic  sera.  As  it  is 
impossible  with  most  cultures,  at  least  of  this  organism,  to 
obtain  an  emulsion  which  may  be  employed  in  agglutination 
tests,  precipitation  tests  are  of  especial  value  in  showing  that 
M.  catarrhalis  and  gonococcus  belong  to  groups  which  are 
not  related.  A  filtrate  of  staphylococcus  culture  also,  as  one 
would  expect,  is  not  precipitated  in  an  anti-gonococcic  serum. 
The  following  table  (XL)  has  been  inserted  to  show  the 
rate  at  which  the  various  filtrates  are  precipitated  by  serum  A : 
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It  seemed  advisable  to  control  these  experiments  with  fil- 
trates of  broth  cultures  by  others  in  which  a  gonococcic 
precipitinogen  was  obtained  in  some  other  way.  Accord- 
ingly a  technic  devised  by  Wadsworth19  for  obtaining  extracts 
from  pneumococcus  was  employed.  This  consists  in  shaking 
the  cells  in  seventeen  per  cent  NaCl  solution  in  distilled  water 
and  then  diluting  to  the  density  of  the  normal  solution.  The 
cultures  were  grown  on  Thalmann's  agar  without  ascitic  fluid 
and  extracts  obtained  by  this  method.  They  were  then 
filtered  through  sterile  talc,  the  filtrates  being  perfectly  clear 
and  colorless.  For  a  control,  a  tube  of  sterile  agar  was 
washed  off  with  the  concentrated  salt  solution,  and  the  diluted 
wash  filtered  through  talc.  If  a  sterile  ascitic  agar  tube  is 
treated  in  this  way  the  addition  to  the  filtrate  of  serum  from 
a  rabbit  immunized  to  ascitic  agar  cultures  will  cause  a  heavy 
precipitation.  In  Table  XII.  the  results  of  these  experiments 
are  shown. 


Table  XII. 
Precipitations  with  seventeen  per  cent  NaCl  extracts. 


Filtrates. 


A 

C 

G 

Catarrhalis 
Control.. . 


Sera. 

Serum  of  Rabbit  A. 

Serum  of  Rabbit  C. 

Serum  of  Rabbit  G. 

IOO 

20 

50 

50 

20 

20 

50 

20 

20 

4 

0 

O 

4 

O 

O 

The  results  on  the  whole  ace  not  as  satisfactory  as  when 
broth  filtrates  are  used,  since  the  precipitation  takes  place 
more  slowly  and  in  lower  dilutions.  It  was  not  possible  to 
obtain  a  clear  filtrate  of  meningococcus  by  this  method,  but, 
as  before,  there  is  little  or  no  precipitation  of  the  extract  of 
M.  catarrhalis.  We  find  again  that  serum  A  causes  the 
strongest    precipitation.      Serum    G    presented    a    marked 
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"  prae-zone  "  at  the  dilution  of  1-4.  It  will  be  remembered 
that  this  serum  showed  a  similar  retardation  of  agglutination 
in  low  dilutions. 

CONCLUSIONS. 

Rabbits  and  other  laboratory  animals,  when  inoculated 
with  cultures  of  gonococcus,  produce  specific  agglutinins 
and  precipitins. 

Normal  rabbit  sera  contain  a  varying  amount  of  agglutinin 
for  gonococcus. 

Strains  of  gonococci  differ  greatly  in  the  titer  of  their 
agglutination  with  various  gonococcic  immune  sera. 

After  one  inoculation  a  large  amount  of  agglutinin  was 
produced  for  some  cultures,  but  none  for  others.  Further 
inoculations  cause  an  increase  in  the  titer  of  the  agglutination 
of  certain  strains,  but  a  drop  in  that  of  others. 

Absorption  experiments  indicate  that  an  anti-gonococcic 
serum  may  contain  in  addition  to  the  specific  homologous 
agglutinin  several  groups  of  agglutinin  which  act  on  different 
cultures  quite  independently  of  one  another.  At  least  three 
groups  were  found  whose  major  or  specific  agglutinins  are 
not  removed  by  inter-absorptions.  This  indicates  that  as 
far  as  agglutination  is  concerned  there  are  specific  differ- 
ences between  these  groups.  The  family  gonococcus  is, 
accordingly,  heterogeneous  rather  than  homogeneous.  In 
making  a  serum  for  therapeutic  purposes  this  fact  should  be 
borne  in  mind. 

The  passage  of  a  culture  of  gonococcus  through  a  guinea- 
pig  caused  a  very  marked  drop  in  the  agglutinability. 

With  the  exception  of  one  serum,  meningococcus  agglu- 
tinated only  in    low  dilutions   of  the  anti-gonococcic  sera. 

Anti-gonococcic  sera  contain  specific  precipitins  for  gono- 
coccus. 

There  appeared  to  be  no  relation  between  the  precipitating 
and  the  agglutinating  properties  of  an  anti-gonococcic  serum 
for  a  culture  of  gonococcus. 

Anti-gonococcic  sera  contain,  as  a  rule,  some  precipitins 
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for  meningococcus,  but  none  for  M.  catarrhalis  or  staphylo- 
coccus. 

There  is  evidence  of  a  relationship  between  gonococcus 
and  meningococcus,  but  not  of  as  close  a  one  as  has  been 
described  by  some  investigators. 

[My  thanks  are  due  to  my  colleagues,  Dr.  Elser  and  Dr.  Huntoon  of 
Cornell  Medical  College,  and  also  to  Dr.  R.  J.  Wilson  of  the  New  York 
Health  Department  for  the  majority  of  the  cultures.] 
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DIPHTHERIA       TOXIN      TRANSMITTED      BY      IMMUNIZED 
FEMALE  GUINEA-PIGS  TO  THEIR  IMMEDIATE  OFFSPRING.* 

Theobald  Smith,  M.D. 

(George  Fabyan  Professor  of  Comparative  Pathology  in  the  Harvard  University 

Medical  School.) 

{From  the  Antitoxin    and   Vaccine  Laboratory  of  the  Massachusetts    State  Board  of 

Health.) 

In  a  preliminary  paper  published  several  years  ago,  the 
writer  called  attention  to  the  fact  that  certain  female  guinea- 
pigs  under  observation  gave  birth  to  young  which  had  more 
than  average  resistance  to  diphtheria  toxin.1  This  increased 
resistance  was  observed  in  all  litters  until  the  death  of  the 
mother,  and  was  nearly  constant  in  amount  for  any  given 
mother.  At  the  time  any  preliminary  treatment  was  ruled 
out  as  a  factor  because  of  mothers  treated  alike  some  gave 
birth  to  normally  susceptible  young.  A  continuation  of  the 
observations  on  a  relatively  large  number  of  animals  soon 
showed  that  the  inference  drawn  was  half  true  and  half 
false.  The  conclusions  finally  reached  were  that  the  manifes- 
tation of  increased  resistance  in  the  young  is  due  to  prelimi- 
nary treatment  of  the  mother  with  toxin-antitoxin  mixtures, 
but  the  degree  to  which  the  mother  reacts  to  treatment  — 
that  is,  the  degree  of  passive  immunity  transmitted  to  the 
young  —  is  probably  an  individual  or  family  factor.  It  was 
also  found  that  most  of  the  phenomena  observed  were  easily 
brought  under  the  principles  laid  down  by  Ehrlich  in  his 
celebrated  researches  dating  from  1892.  There  was,  how- 
ever, an  important  untouched  residuum  of  data  brought  to 
light  which  the  writer  considered  of  sufficient  importance  to 
justify  the  publication  of  his  experiments  at  this  time. 
Before  detailing  these  a  brief  review  of  the  literature  is 
necessary. 

In  his  first  paper2  Ehrlich  showed: 

1.     That  female  mice,  immunized  to  ricin,  abrin,  and  robin 
gave  birth  to  young  which,  four  weeks  after  birth, 
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possessed  distinct  resistance.  This  was  lost  at 
beginning  of  third  month. 

2.  That  the  grandchildren  possessed  no  increased  resist- 

ance or  immunity,  and 

3.  That  immune  fathers  do  not  transmit  any  immunity  to 

their  offspring. 

4.  That  in  mice  lactation  plays  an  important  part  in  the 

transmission  of  immunity  to  offspring,  and  that 
normal  offspring  may  gain  a  considerable  degree  of 
immunity  by  being  nursed  by  immune  mothers. 

Ehrlich  and  Hlibener8  in  a  later  paper  extended  these 
studies  to  tetanus,  and  showed  that 

1.  Immune  mothers  (guinea-pigs  and  mice)  transmit  tet- 

anus immunity  to  young.     Fathers  do  not. 

2.  Immunity  in  the  young  disappears  at  the  end  of  the 

second,  surely  after  the  third  month. 

A  paper  by  Wernicke,4  published  in  1895,  had  completely 
escaped  the  writer's  notice  when  his  first  paper  was  written. 
This  was  probably  due  to  the  mode  of  publication.  This 
paper  was  the  only  one  bearing  immediately  on  the  subject 
of  this  communication.  Wernicke's  guinea-pigs  were  treated 
originally  with  toxin,  then  with  antitoxin,  and  repeatedly 
treated  with  toxin  subsequently.  He  used  cultures  of  unde- 
termined toxicity  for  immunization.  He  found  that  the 
treatment  of  female  guinea-pigs  between  litters  increased  the 
resistance  of  successive  litters,  that  the  father  does  not 
transmit  immunity,  that  there  is  no  residual  immunity  in 
grandchildren,  and  that  the  immunity  of  offspring  is  still 
present  in  the  third  month.  His  experiment  to  determine 
the  influence  of  lactation  on  immunity  in  the  guinea-pig  was 
partly  successful,  but  its  relation  to  immunity  was  not  cleared 
up. 

Vaillard*  experimented  not  only  with  tetanus,  but  also 
with  anthrax,  cholera  and  Vibrio  Metschnikovi  (V.  avicide). 
In  his  experiments  the  immunized  father  in  no  case  influ- 
enced the  young,  but  the  treated  mother  always  transmitted 
some  resistance  which  in  one  case  lasted  through  four  litters. 
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Tetanus  immunity  disappeared  in  third  or  fourth  month. 
His  nursing  experiment  shows  that  the  process  does  not 
confer  any  immunity,  nor  detract  from  it,  in  guinea-pigs  or 
rabbits.  If  these  results  should  be  confirmed  they  would 
establish  a  fundamental  difference  between  mice,  on  the  one 
hand,  and  rabbits  and  guinea-pigs  on  the  other,  as  regards 
the  influence  of  lactation.  Vaillard  also  noted  one  case  of 
resistance  in  the  second  generation.  He  finally  states  that 
immunity  is  not  the  same  in  all  individuals  of  the  same 
litter.  * 

Remlinger's  results6  are  the  same  as  Vaillard's  as  regards 
the  father's  negative  influence,  and  that  of  nursing.  He  also 
emphasizes  the  short  and  fugitive  duration  of  the  passive 
immunity  conferred. 

Bulloch7  approached  the  same  problems  by  the  use  of 
rabbits  immunized  with  blood  corpuscles  of  the  ox,  and, 
therefore,  accumulating  in  their  blood  specific  hemolysins. 
The  blood  serum  of  the  young  of  three  successive  litters 
contained  the  specific  hemolysins.  He,  in  conformity  with 
the  earlier  observers  cited  above,  found  that  the  male  trans- 
mits no  immunity  to  the  young. 

Dieudonne8  experimenting  on  guinea-pigs  with  agglu- 
tinins, finds  the  same  laws  governing  the  transmission  of  the 
latter  as  those  governing  toxin  immunity. 

After  most  of  the  data  and  all  the  facts  here  to  be  pre- 
sented had  been  brought  together,  Anderson9  published  a 
short  paper  dealing  with  the  same  subjects.  The  main 
features  of  this  paper  are  the  inferences  that  the  treatment  of 
the  mothers  is  responsible  for  the  increased  resistance  of  the 
offspring,  and  that  the  single  injection  of  toxins  alone  does 
not  lead  to  any  increased  resistance  of  the  offspring.  With 
these  the  writer  fully  agrees,  having  reached  them,  as  stated 
above,  before  Anderson's  paper  had  appeared. 

Two  papers10  in  which  a  claim  is  made  that  the  father 
transmits  an  acquired  immunity  need  only  be  mentioned  here, 
for  all  observers  since  1893  have  obtained  uniformly  opposite 
results.  Ehrlich  has  also  shown  the  inadequate  character  of 
the  experiments  upon  which  the  conclusions  were  based. 


I  r=rro*:iv"  omit  reference  to  those  papers  in  which  fowls 
Dd  Aer  ora  were  the  subject  of  similar  experimentation. 

*T>:CD  ^F  TESTING  INCREASE  IN  RESISTANCE  TO  DIPH- 
THERIA TOXIN. 

Tm  method  used  throughout  is  the  familiar  one  of  inject- 
.•  :oxin-antitoxin  mixtures,  a  process  carried  out  so 
pensively  to-day  in  the  routine  testing  of  the  strength  of 

■iitheria  antitoxin.  For  the  benefit  of  those  who  are  inter- 
;eu  in  the  broader  problem  of  Iteredity  from  the  general 
oiotiicjl  standpoint,  and  who  are  not  familiar  with  the  pro- 
cure lur  testing  antitoxins,  the  method  will  be  briefly 
-^ilbcd. 

lie  toxin  unit  employed  is  contained  in  that  amount  of  filtered  culture 
J  which,  when  injected  subcutaneous!  y  into  a  guinea-pig  of  approxi- 
tel\  two  hundred  and  fifty  grams  in  weight  is  just  sufficient  to  prove 
i;  This  minimum  fatal  dose  kills  in  three  to  four  days.  When  death 
in.it  sooner  than  this,  provided  the  injecting  fluid  did  not  enter  the 
noneal  cavity,  the  dose  is  too  large.  This  is  the  only  measure 
tUble  at  present. 

'he  antitoxic  unit  is  the  standard  unit  for  measuring  the  strength  of 
htheria  antitoxin.     This  unit,  contained  in  a  given  quantity  of  serum. 

neutralize  completely  a  given  amount  of  diphtheria  toxin.  This 
iplete  neutralization  is  determined  by  injecting  the  mixture  under  the 
i  of  guinea-pigs.  If  no  local  or  general  disturbance  follows,  the  toxin 
(tnnldered  neutralized. 

'oxlni  prepared  at  different  times  or  from  different  cultures  of  the 
litheria  bacillus  usually  differ  slightly  from  one  another  in  strength  as 
I  an  affinity  for  the  antitoxin,  so  that  the  antitoxic  unit  does  not  nec- 
irlly  completely  neutralize  the  same  amount  of  each  kind.  This 
iunt  has  to  be  determined  by  actual  tests  for  each  lot  of  toxin  pre- 
-il  and  is  designated  the  Lo  dose.  By  adding  to  this  dose  small 
milt*  of  toxin,  a  mixture  will  eventually  be  obtained  which  contains 
ugh  surplus  toxin  to  be  just  fatal  to  the  guinea-pigs  into  which  it  is 

nil.  The  dose  is  called  the  L4-  dose.  In  the  testing  of  diphtheria 
lux  in  the  L-f- dose  is  used  instead  of  the  Lo  dose,  since  the  former 
■  opportunities  for  finer  discriminations.  The  Lo  and  L+  doses  are 
i J*  multiples  of  the  minimum  fatal  dose.  The  actual  number  of  mini- 
ii  fatal  done*  contained  in  the  Lo  and  the  L-f-  dose  is  not  the  same  in 
rrnt  Joi»  of  toxin,  lo  the  toxins  used  by  me  the  L-H  dose  is  about 
y. right  limes  the  minimum  fatal  dose. 
i  thr  experiments  to  be  described  three  lots  of  toxin  have  been  used, 

II  14,  and  IS      The  L+  dose  of  No.  13  was  .29  cubic  centimeter 


DEGREE  AND    DURATION   OF   PASSIVE   IMMUNITY.      363 

and  gradually  rose  to  .30  cubic  centimeter.  This  means  that  if  serum 
containing  one  antitoxic  unit  was  mixed  with  .29  cubic  centimeter  or  .30 
cubic  centimeter  of  toxin,  and  the  mixture  injected  into  the  subcutis  of  a 
guinea-pig  weighing  two  hundred  and  fifty  to  two  hundred  and  eighty 
grams,  it  would  die  in  three  to  four  days.  The  second  toxin,  No.  14,  had 
a  lower  L+  dose,  .24  cubic  centimeter,  and  later  .25  cubic  centimeter. 
The  third  lot,  No.  15,  had  an  L+  dose  of  .21  cubic  centimeter. 

The  increased  resistance  of  any  family  of  young  guinea-pigs  was  dem- 
onstrated by  the  increased  amount  of  diphtheria  toxin  which  was  required 
when  mixed  with  one  unit  of  antitoxin  to  kill  the  guinea-pigs.  Thus, 
with  some  families  the  L-f-  dose  instead  of  being  .24  to  .25  cubic  centi- 
meter was  .40  .to  60  cubic  centimeter  toxin.  This  increased  resistance 
was  also  shown  by  a  larger  minimum  fatal  dose.  It  might  be  asked  why 
not  simplify  the  procedure  of  testing  the  immunity  by  injecting  simply 
the  toxin  and  noting  the  differences  in  the  minimum  fatal  doses?  This 
would  have  been  on  the  whole  the  better  way,  but  our  tests  were  made 
in  the  routine  examination  of  antitoxins  and  utilized  to  increase  the  accu- 
racy of  such  tests.  We  had  thus  two  objects  in  view,  both  of  which 
were  promoted  by  using  the  method  prescribed. 

The  result  of  the  injection  of  antitoxin  alone  under  the  skin  in  doses  of 
five  or  six  cubic  centimeters  may  be  rapid  death  in  case  the  guinea-pig 
has  been  made  sensitive  by  previous  treatment  or  inheritance,  or  else 
negative.  In  the  cases  given  in  the  table  there  was  no  appreciable 
reaction.  The  injection  of  toxin  alone  produces  edema,  induration, 
sloughing,  and  ulceration  at  the  site  of  injection  in  the  order  named. 
The  process  may  stop  at  any  stage  and  go  no  further.  The  same  series 
of  changes  may  follow  an  injection  of  toxin-antitoxin  mixtures,  the  amount 
of  local  injury  produced  depending  on  the  amount  of  surplus  or  unsatu- 
rated toxin  in  the  mixture.  It  will  be  noticed  that  many  of  the  breeding 
animals  in  Table  I.  developed  no  local  or  general  lesions,  that  is,  none 
were  noticeable  on  the  third  day  after  the  injection  of  the  toxin-antitoxin 
mixtures. 

THE  TRANSMISSION  OF  PASSIVE  IMMUNITY  BY  FEMALE 
GUINEA-PIGS  TREATED  WITH  DIPHTHERIA  TOXIN- 
ANTITOXIN   MIXTURES. 

In  order  to  present  in  their  relation  to  one  another  the 
various  data  compiled  during  the  past  four  years  before 
taking  up  a  discussion  of  them  from  different  points  of  view, 
the  following  general  table  has  been  drawn  up.  It  gives  the 
immediate  source  of  the  mother,  whether  she  was  bred  in 
the  laboratory  or  obtained  from  outside,  the  resistance  of 
the  mother  when  tested  early  in  life  —  when  about  thirty 
days  old  —  the  mode  of  treatment,  whether  with    toxin  or 
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antitoxin  alone  or  with  a  mixture  of  both,  the  lesion  pro- 
duced, if  any,  and  the  resistance  of  the  offspring.  The 
resistance  of  the  mother  or  offspring  as  given  in  the  table 
was  determined  either  upon  the  animal  itself  or  upon  one  or 
more  of  the  same  litter,  on  the  assumption  that  all  indi- 
viduals of  the  same  litter  possess  the  same  degree  of 
resistance  when  tested  at  the  same  age,  an  assumption  to 
which  tl\e  writer  has  never  encountered  an  exception.  This 
increased  resistance  is  expressed  both  in  this  table  and  else- 
where in  the  form  of  a  fraction,  the  denominator  of  which 
represents  the  normal  resistance  or  L+  dose.  The  sign  + 
after  the  numerator  means  that  the  resistance  is  actually 
greater,  and  that  the  L+  dose  for  that  animal  or  litter  had  not 
been  reached.  The  sign  ++  means  that  the  resistance  is 
much  higher,  and  that  the  dose  quoted  resulted  in  no  lesion 
at  all,  or  only  in  a  trace.  For  the  convenience  of  the 
reader,  the  fraction  is  reduced  to  a  decimal  which  follows  it 
in  parenthesis.  The  source  of  the  mother  guinea-pig  is 
given  either  in  the  number  of  the  grandmother,  when  bred 
by  us,  or  in  the  form  of  letters,  each  letter  representing  a 
different  leader,  excepting  A,  which  refers  to  our  own 
earlier  stock. 

The  preliminary  treatment  of  the  breeding  pigs  with 
exceptions  given  below  was  a  single  injection  of  toxin,  or 
antitoxin  (five  to  six  cubic  centimeters),  or  a  mixture  of 
both.  The  amount  of  antitoxin  injected  in  the  latter  was  one 
unit.  The  amount  of  toxin  injected  with  the  antitoxin  in 
the  L+  dose  was  roughly  thirty-eight  minimum  fatal  doses. 
The  guinea-pigs  were  placed  in  the  breeding  pens  when  over 
five  hundred  grams  in  weight.  This  occurred  from  three  to 
four  months  after  birth,  or  from  two  to  three  months  after 
the  inoculation.  In  no  case  were  any  animals  here  tabulated 
treated  shortly  before  or  during  pregnancy,  nor  was  the 
original  immunity  due  to  the  first  injection,  reinforced  by 
any  subsequent  treatment,  excepting  in  the  case  of  several 
guinea-pigs  treated  with  antitoxin  only,  which  received  two 
or  three  doses  some  weeks  apart,  and  one  other  animal 
(3066)  which  received  toxin  and  then  antitoxin  a  month 
later. 
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Table  I. 


Mother,  Data  Concerning. 

• 

c 

0 

m 
c 

& 

Source  :  the  Number  is 
that  ol  Grandmother. 

Resistance. 

Preliminary 
Treatment. 

Result. 

Resistance  of 
Offspring. 

j6oa.. 

A 

— 

None. 

t 

Normal. 

3870.. 

•1 

— 

Toxin-antitoxin. 

Ulcer. 

11 

2873.. 

<« 

— 

11            11 

No  lesion. 

35/30  (1.166) 

2894-. 

B 

— 

None. 

— 

Normal. 

j8o$.. 

II 

— 

Toxin-antitoxin. 

No  lesion. 

38/24  (1.166) 

3911.. 

A 

— 

None. 

— 

Normal. 

3919.. 

it 

— 

Antitoxin. 

— 

it 

3991.. 

«« 

— 

None. 

— 

11 

*944-- 

B 

— 

Tox  in-antitoxin . 

Induration  only. 

36-1-/30(1.34-) 

*945-- 

(i 

— 

11           11 

No  lesion. 

Normal. 

3011.. 

A 

— 

Toxin. 

•1       11 

11 

3096.. 

3870 

Normal. 

Toxin-antitoxin. 

11        ♦« 

34+/30  (i-'33) 

30S»-- 

A 

— 

Antitoxin,  3  times. 

Normal. 

3P53- 

u 

— 

"          3  times. 

" 

I066.. 

•« 

— 

Toxin;  antitoxin    1 
month  later. 

Ulcer. 

11 

3074- 

<• 

— 

Antitoxin,  twice. 

— 

11 

3133.. 

C 

— 

Toxin-antitoxin. 

No  lesion. 

<i 

3>»7- 

3S73 

3S/3o(i.i66) 

11            11 

Ulcer. 

30/34  (1. 35) 

31S9.. 

A 

— 

11            11 

No  lesion. 

37/34  (1. 135) 

3>6S- 

(4 

— 

»i            11 

11       11 

30/34  (1.35) 

33>5- 

II 

— 

11            11 

Ulcer. 

36/24  (1.083) 

3333*- 

3036 

34+/30  (1.333+) 

11           i» 

No  lesion. 

36/34  («-°S3) 

3339- 

A 

— 

11           11 

Trace  of  lesion. 

Normal. 

3378- 

D 

— 

11           11 

No  lesion. 

11 

3394- • 

£ 

— 

11            i« 

11       11 

37/34  (1.135) 

34*>-- 

3944 

36+/30  (1.3+) 

11            11 

11        ti 

36/34(1.083) 

34"" 

11 

11           •« 

11            11 

i<        11 

37/24  (i.i 35) 

3434" 

D 

— 

Toxin-antitoxin. 

No  lesion. 

3547*4  (M5W 

3437-. 

11 

"™ 

Antitoxin,   3  doses, 
3-5  cc.  each. 

i 

Normal. 
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TaBLX  L — Cmitimaud. 


Mctfce 

r,  Data  Cower  r  11  iag. 

. 

1 
1 

m 
0* 

u. 

y.\ 

^5  ^ 

Rriittawr. 

r 

Preliminary 

Result. 

1    Resi-Bi>eeof 

Offspring. 

1 

, 

i 

347*-- 
35*5- 

A 

J2/29  (1.103, 
;      3frf/3P  («•*+-) 

Ulcer. 

1  36/24(1x63) 

**44 

M                      M 

No  lesion. 

1             /       w    %              «** 

'  37/34(1.115) 

35*9  - 

J^S* 

Normal* 

M                      « 

Ulcer. 

3*/*4  («-3J> 

3544* 

D 

■ 

M                      M 

Trace  of  lesion. 

3*/*4  0-33) 

3577- 

3074 

Normal. 

••                      •« 

No  lesion. 

35/*5  0-4) 

359*- 

E 

— 

Antitoxin,    1     dose, 
3-5  cc 

Normal. 

3*78" 

3074 

Normal. 

Tox  in-antitox  in. 

No  lesion. 

3*/*5  0-44) 

36*5" 

E 

•«            •• 

Slough,  paralysis. 

40+/35  (1.6+) 

3691.. 

3«*7 

30/24  (1.25) 

**            «* 

Ulcer. 

40+/S5  (1.6-f ) 

371S.. 

F 

— 

Antitoxin,  3   doses, 
3-5  cc.  each. 

• 

Normal. 

373*- 

34/6 

26/24  («.°8j) 

Toxin-antitoxin. 

Induration. 

3S/*5  (M) 

373«- • 

2603 

Normal. 

"            " 

Superficial  necrosis. 

33+/*5  0-3*+) 

3763.. 

J919 

»t 

-      " 

No  lesion. 

33+/*5  0.3*+) 

377*- 

3074 

•« 

••            •• 

II               M 

31/35  (1.34) 

3777- 

3919 

„ 

if            ««            1 

Slight  reaction. 

3S+/25  (i.Sa+) 

37«.. 

3378 

«f 

••            •« 

•i           11 

36/a5  («-44) 

3801.. 

3»*7 

30/24  (1.35) 

••            t* 

Ulcer. 

35+/*5  0-4+) 

3839.. 

3544 

3*/*4('-33) 

u                    «• 

No  lesion. 

31/3S  (1.24) 

3860,. 

2872 

35/3o  («• 66) 

None. 

— 

Normal. 

3878- 

3S94 

Normal. 

Toxin-antitoxin. 

No  lesion. 

33+/*5  0-3*+) 

3887. 

F 

— 

«t            ii 

Induration. 

35+/*5  (i-4+) 

3V>-. 

2921 

Normal. 

Toxin. 

Ulcer. 

Normal. 

3897-- 

t* 

K 

Toxin-antitoxin. 

Slight  reaction. 

334-A5  ('*S+) 

393* •• 

3434 

35+/M  (1.45*+) 

«i            11 

Ulcer. 

3S+/3S  (1.4+) 

393*- 

«• 

" 

ii            ii 

ti 

60+/35  (*  5+) 

3934  • 

(i 

.< 

None. 

— 

Normal. 

3945-- 

3S44 

3'/'4  0-33) 

11 

— 

ii 

3949-- 

3*78 

36/25  (1.44) 

Toxin-antitoxin. 

Ulcer. 

36/a5  (»-44) 

3965- 

3053 

Normal. 

<i            11 

No  lesion. 

30+/3S  (1.3+) 
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Table  I.  —  Concluded. 


Mother,  Data  Concerning. 

a 

.0 

cc 

e 

the  Number  is 
Grandmother. 

Resistance. 

Preliminary 
Treatment. 

Result. 

Resistance  of 
Offspring. 

& 

Source : 
that  of 

4OI4.. 

3691 

40+/*5  («.6+) 

Toxin-antitoxin. 

Induration. 

35/35  (M) 

4O39-  ' 

E 

— 

None. 

— 

Normal. 

4O4O.. 

** 

— 

it 

— 

tt 

4O4I.. 

•1 

— 

•« 

— 

ti 

4042.. 

•1 

— 

«< 

— 

ti 

43*7-- 

a$7a 

Normal. 

Toxin-antitoxin . 

Induration,  paralysis. 

3<H-+/a5  («  -44++) 

434»-- 

3777 

3&+ /n  o.5»+) 

None. 

— 

Normal. 

4359- 

F 

— 

Toxin. 

Slough  and  ulcer. 

11 

43*7- • 

3738 

33+/*5  (»-3»+) 

None. 

— 

11 

4396" 

3931 

3<H-+A5(i.H-+) 

i< 

— 

<i 

4400.. 

38S7 

35+/»5  (M+) 

'«» 

— 

<i 

441a.. 

35*9 

3a/as  (i.aS) 

<« 

— 

•1 

44S3.. 

37<k 

33+/*5  (I.3M-) 

None. 

— 

Normal. 

4499" 

3691 

4of/*5  0-6) 

.. 

— 

•1 

4516.. 

3339 

31/35  (1.34) 

11 

— 

i« 

4475- • 

31  aa 

Normal. 

Toxin. 

Large  slough  and  ulcer. 

ti 

4547- • 

3887 

35+/*5(M+) 

None. 

— 

11 

4549- • 

<t 

35+/'5  (»+-4) 

«t 

— 

if 

4616. . 

3777 

36+/a5  (1.44+) 

Tox  in.anti  toxin . 

Large  slough  and  ulcer. 

40++/31  (1.9+  +) 
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A  summary  of  this  table  made  (A)  according  to  the 
resistances  of  the  offspring,  and  (B)  according  to  the  treat- 
ment and  deg  of  reaction  induced  in  the  mother  pigs, 
yields  the  following  results  : 

Table  II. 

A, 

<t.    Normal  offspring  obtained  from  :  21  mothers  not  treated  =z  100  per  cent. 

7  mothers  injected  with  antitoxin  only, 
1-3  times  =  100%. 

4  mothers  injected  with  toxin  only  = 

100  per  cent. 

5  mothers  injected   with   toxin-anti- 

toxin mixture  =11.6  per  cent. 

26—28 
t,    Offspring  with  resistance -—±7    (1.08 

•  24 
to  1.66)  obtained  from:  11   mothers    treated    with    toxin-anti- 

toxin mixtures. 

€,    Offspring    with     resistance     9"°°  »" 

24 
( 1. 21-2.5+;  obtained  from:  .27  mothers    treated    with    toxin-anti- 

toxin mixtures. 

B. 

a.  Mothers  treated  with  toxin-antitoxin    3  with  normal  offspring. 

mixtures,   and  without  any   result-     ^     ...     «.     .  .  A         26-28 

,    .  J  0  with  offspring,  resistance . 

ing  lesion.  24 

9  with  offspring,  resistance-  -?I«?3 

24 

b.  Mothers  treated  same  as  under  (a)     1  with  normal  offspring. 

bat  with  slight  or  transient  lesion    „  wUh  of&  rf       resisUnce  3^38+ 
resulting.  24 

c.  Mothers  treated  same  as  under  (a)     I  with  offspring  normal. 

bnt  with  necrosis  and  ulceration  of    ,  ^  ofkti       resistance^* 
varying  severity.  24 

10  with  offspring,  resistance -5 

24 

An  analysis  of  Tables  I.  and  II.  show  that  of  the  three 
kinds  of  treatment,  —  injection  of  toxin  alone,  of  antitoxin 
alone,  and  of  toxin  and  antitoxin  mixed,  —  only  the  last  is 
capable  of  inducing  an  immunity  which  is  transmitted  to  the 
offspring. 

The  offspring  of  those  females  which  received  toxin  alone, 
even  though  with  severe  local  reaction,  and  of  those  which 
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received  repeatedly  doses  of  antitoxin,  remained  at  the  normal 
level  of  resistance.*  Not  all  mothers  responded,  for  about 
1 1.9  per  cent  (five  out  of  forty-three)  gavc.^th  to  young 
of  normal  resistance. 

An  analysis  of  the  results,  by  grouping  the  animals 
according  to  the  reaction  produced  by  the  toxin-antitoxin 
mixtures,  demonstrates  that  there  is  no  simple  relation 
between  reaction,  or  the  amount  of  non-neutralized  toxin  in 
the  mixture  and  the  degree  of  immunity  of  the  offspring. 
Those  mothers  which  manifest  no  local  signs  of  reaction  may, 
and  frequently  do,  produce  young  of  increased  resistance. 

THE    MALE    DOES     NOT    TRANSMIT    ANY    IMMUNITY  TO     HIS 

OFFSPRING. 

A  survey  of  the  literature  upon  this  subject  shows  an 
almost  unanimous  agreement  among  experimenters  that  the 
male  does  not  influence  the  toxin  resistance  of  his  offspring. 
Yet  it  seemed  desirable  to  carry  out  a  few  experiments  to 
retest  this  point.  The  writer  in  his  earlier  paper  had  already  , 
shown  that  the  resistance  of  the  offspring  of  a  given  mother 
is  not  influenced  by  the  father.  The  following  breeding 
experiments  (Table  III.)  clearly  show  that  there  is  no 
reason  to  doubt  the  general  law  first  formulated  by  Ehrlich, 
—  that  the  male  does  not  transmit  immunity  and  is  a  neg- 
ligible factor  in  our  experiments.  In  this  table  there  are 
five  treated  males  descended  from  treated  mothers,  and 
possessing  considerable  resistance.  The  sixth  male  was 
from  a  resistant  litter,  but  remained  untreated.  The  females 
were:  (1)  descended  from  treated  mothers  or  from  treated 
fathers  and  mothers,  and  hence  resistant  at  an  early  age, 
but  none  were  treated  themselves;  (2)  normal  untreated 
females.  In  no  case  did  the  offspring  of  the  treated, 
resistant  males  possess  any  more  than  average  or  normal 
resistance. 


•See  Nos.  3896  and  3897  of  Table  I.    These  are  of  the  same  litter.    One  was 
treated  with  toxin  alone,  the  other  with  a  toxin-antitoxin  mixture. 
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GRADUAL    LOSS    OF    TRANSMITTED     PASSIVE    IMMUNITY     IN 

THE  OFFSPRING. 

bv^t  ^T iSSi°"  °f  a"  inCreaSed  resistance  or  5rnn,unity 

reeardenT  ^  k  ^  °ffSpring  "  aIs°'  without  exceP"°n> 
regarded  by  Ehrhch,  Wernicke  and  others  as  a  passive  pro^ 

mTtLTJi      y^ng-     ThC  immun"«ng  antibodies  are  trans- 
muted through  the  placenta  in  utero,  and  perhaps  also  to 

forT  «Ti      *  ?  thC  miIk'     Th*'S  Passivc  immunity  is-  ^e- 
ore  of  llmited  duration,  most  observers  regarding  it  as  last- 

th!^°  m°nths-     The  lowing  table  (IV.)  shows 

of  tJ,     efflmmunity  is  gradually  lost  with  the  increasing  age 

tne  offspring.     The  two  control  inoculations  indicate  that 

anilCaC.°rianCTe  Tith  thC  gfeat  increase  in  the  *****  of  the 
antmals  the  L+  dose  has  risen  decidedly.     Yet  in  spite  of 

7Z  "Til la  We'"ght  the  L+  dose  of  *e  distant  pigs 
gradually  fell  S0  that  at  the  end  of  three  months  there  was 
no  evidence  of  more  than  normal  resistance. 
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Table  IV. 


• 

a 

0 

CD 

e 

I 

• 

a 

1 

• 

to 

L-f-    Dose    for    Guinea- 
pigs  30  Days  Old. 

Dose     Injected.       (=1 
Antitoxic     Unit     Plqs 
Toxin.  The  Amount  of 
Toxin  over  and  above 
the  L-f-  Dose  is   Indi- 
cated by  the  Fraction.) 

Result. 

Mother. 

i 

404S- • 

43 

*% 

35/*5(M) 

36/25  0  44) 

Dead,  a#  days. 

3577 

4631.. 

96 

478 

it       11 

26/31  (1.34; 

11      2        "  » 

•• 

4633.- 

"3 

566 

•1       11 

33/31  (1.09) 

1.     5        « 

11 

4618.. 

3» 

*54 

43+A5  (I-7H-) 

43AS  (i-7») 

Large  slough  and  ulcer. 

3691 

4626.. 

44 

»58 

11            11 

40/25  (1.6) 

Dead,  9%  days. 

11 

4638.. 

11 

356 

it           11 

35A5  (M) 

Large  slough  and  ulcer. 

i« 

4619.. 

91 

460 

11           11 

39/n  (1.38) 

Dead,  a  days. 

11 

4627.. 

116 

S80 

11            11 

33/31  (1.09) 

Large  slough  and  ulcer. 

<■ 

46*3. . 

89 

4si 

t 

33/«  (i-56) 

37/31  (1.39) 

Dead,  a  days. 

373a 

4614.. 

58 

3»8 

404-35  (lUS-f ) 

30/35  (m) 

Large  ulcer. 

3777 

4617.. 

103 

530 

31/35  (1.34) 

36/31  (1.34) 

Dead,  ij£  days. 

3839 

4651.. 

3» 

»57 

36+/J5  (1.44+) 

36/35  (1.44) 

Large  ulcer. 

387s 

4649.. 

119 

750 

11           11 

33/ai  (1.09) 

Large  slough  and  ulcer. 

11 

4650.. 

•< 

650 

n            it 

34/31  (1.14) 

11           11         n        ii 

M 

4684.. 

75 

495 

35+/»5  (1-4+) 

31/31  (1.00) 

Small  ulcer. 

3«7 

4S65.. 
4867.. 
4866.. 

M 

368 

351 

335 

J  33/«  (1-57) 

J  31/31  (I.OO) 

J  Large  slough  and  ulcer. 

373» 

Controls. 

4640.. 

»s 

637 

31/31  (i.OO) 

34/31  (1.14) 

Induration,  roughening  of 
skin,  some  loss  of  hair. 

360a 

030- • 

87 

635 

11           11 

33/31   (1.05) 

Slough  and  ulcer. 

4039 

DISAPPEARANCE  OF  IMMUNITY  IN  THE  SECOND  GENERATION. 

All  observers  cited  above  have  found  the  grandchildren  of 
immunized  females  of  the  usual  resistance.  Only  Vaillard 
refers  to  one  exception  observed  by  him.     This  cannot  be 
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regarded  as  significant,  and  it  may  rest  upon  some  experi- 
mental error.  Of  those  who  worked  with  diphtheria,  Wer- 
nicke and  Anderson  cite  illustrations  to  show  loss  of 
immunity  in  the  second  generation.  The  following  data  are 
all  in  accord  with  earlier  observers.  A  portion  of  them  had 
been  collected  before  the  appearance  of  Anderson's  paper. 

In  Table  I.  No.  3934  serves  to  illustrate  the  loss  of 
immunity  of  offspring  of  an  untreated  though  resistant 
mother.  Nos.  3931,  3932  of  the  same  litter  were  treated 
with  toxin-antitoxin  mixtures,  and  the  resistance  of  their 
offspring  is  very  high. 

Nos.  4341,  4367,  4396",  4400,  4412,  4482,  4499,  4516. 
4547,  4549,  4603,  and  4779  are  all  offspring  which  inherited 
a  considerable  degree  of  resistance.  They  were  not  treated, 
however,  and  their  offspring  have  a  normal  susceptibility. 

THE  PERSISTENCE  OF  ACTIVE  IMMUNITY  IN  THE  IMMUNIZED 

FEMALE. 

Several  authors  have  called  attention  to  this.  Vaillard  * 
traced  the  immunity  through  four  litters  of  the  same  female. 
Bulloch 7  found  traces  of  hemolysins  in  an  immunized  rabbit 
three  hundred  and  eighty-seven  days  after  inoculation. 

In  attempting  to  determine  how  long  a  mother  will  con- 
tinue to  transmit  immunity  to  her  offspring,  the  investigator 
frequently  finds  his  animals  carried  off  by  some  disease,  and 
hence  the  records  obtained  from  any  one  individual  are 
likely  to  be  closed  at  any  time.  The  writer  has  records  of  a 
considerable  number  of  guinea-pigs  which  transmitted 
immunity  to  their  offspring  for  over  a  year. 

The  following  tables  show  the  uniform  level  of  resistance 
in  the  offspring  of  a  normal  mother  (3053),  and  in  one 
possessing  some  active  immunity  (3434).  In  this  latter 
animal  the  single  toxin-antitoxin  mixture  originally  injected, 
to  which  the  immunity  is  due,  produced  no  lesion, — i.e.,  the 
mixture  was  apparently  neutral. 
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Table  V. 
Guinea-pig  No.  3033. 


Father. 

Test. 

Result : 
Died  in 

1 

f> 

8 

Offspring. 

Date. 

Dose  of 

Toxin  in  cc. 

+  1  Anti- 

toxic  Unit. 

Toxin » 
used. 

V 

1 

+ 

3548. - 

289I 

March   3, 

1905. 

.30 

I3b 

2%  day*. 

.29 

f  3744* • 

34^3 

June 

*5> 

<< 

14 

I3C 

*\i    " 

M 

I  3746. • 

tt 

a 

29, 

<f 

if 

• 

tt 

2%    " 

<« 

T3843-- 
1 

tt 

Aug. 

12, 

« 

it 

tt 

'Ji    " 

30 

1 

•i  3842. . 
j 

tt 

it 

tt 

tt 

.31 

tt 

2.)i      - 

« 

U84I-. 

ff 

it 

tt 

ft 

32 

tt 

2           " 

ff 

3964.. 

tt 

Nov. 

24, 

tt 

.24 

I4a 

«*      " 

.24 

4146.. 

it 

Feb. 

13. 

1906. 

if 

tt 

3%    " 

«l 

4418. . 

4037 

June 

23. 

tt 

•25 

14" 

3h    " 

25 

1  The  small  letters  refer  to  successive  bottles  of  the  same  test  toxin. 
*  The  bracketed  numbers  include  animals  of  the  same  litter. 


Table  VI. 
Guinea-pig  No.  3434  {inoculated  Dee.  p,  1904). 


be 

Age  in  Days 
when  Tested. 

1. 

(X. 

Test. 

Result. 

Normal  L-f- 
Dose  cc. 

a 

*C 

a. 

0 

Date. 

Dose  of 

Toxin  in  cc. 

+  1  AntU 

toxic  Unit. 

Toxin 
used. 

(3847- 

18 

34*9 

Aug.   8,  1905. 

.30 

»3C 

No  lesion. 

.30 

(3846.. 

33 

«■ 

Aug.  13,    " 

•35 

ti 

Transient    indura- 
tion. 

•• 

393»-- 

30 

3<H7 

Oct.    36,    " 

.30 

H* 

Large  -slough. 

•*♦ 

4103.. 

40 

i< 

Jan.    13,  1906. 

.31 

11 

"      ulcer. 

11 

42S9.. 

36 

3305 

May    7,    " 

3» 

14b 

"      slough. 

11 

44*4- • 

30 

it 

July     9,    « 

•33 

0 

11 

if           ii 

11 

4586.. 

36 

4106 

Sept.  13,    " 

•35 

14c 

"      ulcer. 

•»5 

4736.. 

3* 

11 

Dec.  39,    •• 

•35 

i5» 

Died  in  2%  days. 

.31 

48*7.. 

»9 

11 

March  5,  1907. 

•33 

11 

Died  in  3H  days. 

11 
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A  comparison- of  the  columns  "  dose  of,"  etc.,  and  "  L-f- 
dose  "  of  the  tables  shows  how  closely  each  succeeding  litter 
of  3053  responds  to  the  L+  dose  and  how  much  the  resistance 
of  the  successive  litters  of  No.  3434  is  above  the  normal. 
Only  in  the  two  last  litters  is  the  actual  L+  dose  reached. 
There  it  is  1.66  and  1.57  times  the  average  or  normal  dose. 
Inasmuch  as  the  immunity  dates,  roughly  speaking,  from  the 
time  of  injection  of  the  toxin-antitoxin  mixture,  No.  3434 
has  maintained  and  transmitted  to  her  young  a  high  level  of 
immunity  for  over  two  years,  and  this  because  of  the  single 
injection  of  an  apparently  neutralized  toxin-antitoxin 
mixture. 

Tables  such  as  that  of  No.  3434  could  be  reproduced  in 
large  numbers,  but  I  content  myself  in  giving  the  periods 
during  which  the  immunity  of  the  females  as  manifested  in 
their  offspring  was  under  observation.  The  following  figures 
are  obtained  by  counting  the  time  elapsing  between  the 
original  injection  of  the  mother  and  the  last  litter  tested : 

One  animal  observed  for  a  period  of  30  months. 


tt 

«i 

i< 

it 

tt 

a 

tt 

26 

tt 

tt 

<< 

it 

tt 

a 

tt 

it 

23 

a 

Three 

<< 

a 

n 

»r 

it 

tt 

22 

a 

One 

«i 

a 

n 

a 

n 

a 

21 

n 

Two 

<i 

tt 

it 

tt 

a 

a 

20 

tt 

One 

i< 

a 

a 

a 

tt 

tt 

18 

tt 

Three 

a 

a 

tt 

tt 

tt 

tt 

'7 

it 

Seven 

a 

n 

a 

a 

tt 

tt 

16 

tt 

One 

a 

tt 

it 

tt 

tt 

it 

15 

tt 

Four 

a 

tt 

tt 

tt 

tt 

it 

13 

tt 

GENERAL  SUMMARY. 

At  the  outset  I  wish  to  call  attention  to  what  is  really  a 
new,  or  at  least  hitherto  unused,  method  for  determining  the 
persistence  of  active  immunity  in  the  body  of  breeding 
females. 

It  is,  of  course,  open  to  us  to  withdraw  blood  from  time  to 
time  and  test  its  antitoxic  value  just  as  the  presence  of  hemoly- 
sins, agglutinins,  and  precipitins  is  determined.      Frequent 
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withdrawals  of  blood  are  not,  however,  without  danger 
to  the  animal.  Inoculation  with  toxins  is  out  of  the  ques- 
tion since  every  inoculation  modifies  the  existing  state  of 
immunity.  The  determination  of  minute  quantities  of  anti- 
toxin in  the  blood  serum  can  be  carried  out  according  to 
the  method  worked  out  by  E.  Marx,11  but  this  method  is 
even  more  costly  as  regards  the  consumption  of  guinea-pigs 
than  the  method  which  uses  the  offspring  from  time  to  time.* 
Another  use  of  this  method  consists  in  distinguishing  passive 
from  active  immunity  in  the  female.  The  former  is  not 
transmitted  under  the  conditions  of  our  experiments,  the 
latter  is. 

The  most  important  outcome  of  the  resistance  tests, 
covering  a  period  of  continuous  observation  of  nearly  four 
years,  is  the  fact  that  there  is  apparently  no  immediate 
relation  between  the  severity  of  reaction  on  the  part  of  the 
body  and  the  degree  of  active  immunity  produced.  Animals 
which  have  passed  through  a  severe  disease  due  to  toxin 
alone  and  manifested  by  loss  in  weight,  fever,  extensive  local 
necrosis  and  ulceration  transmit  no  immunity  to  their  off- 
spring. On  the  other  hand,  a  single  injection  of  a  toxin- 
antitoxin  mixture  which  produces  no  local  lesion  so  far  as 
this  can  be  seen  or  felt  and  no  distinct  loss  in  weight,  nor 
any  general  symptoms,  induces  an  active  immunity  which 
persists  for  several  years.  The  significance  of  this  fact  can- 
not be  made  clear  without  much  further  experimentation  to 
determine  the  ultimate  fate  of  apparently  neutralized  toxin- 
antitoxin  mixtures  in  the  body.  I  mean  by  a  neutralized 
mixture  of  toxin-antitoxin  one  that  produces  no  manifest 
local  or  general  lesions  recognizable  during  life  in  so  small 
an  animal  as  the  young  guinea-pig.  I  purposely  postpone 
any  discussion  of  the  literature  concerning  the  time  required 
for  the  union  of  toxin  and  antitoxin,  and  of  the  different 
interpretations  placed  upon  the  phenomenon  connected  with 
this  reaction  by  Ehrlich  on  the  one  hand  and  Arrhenius  and 

•  A  preliminary  test  of  the  serum  of  a  female  guinea-pig.  No.  5887.  inoculated  with  j 

a  nearly  neutral  toxin-antitoxin  mixture  in  September,  1905,  gave  the  foDowmg  resnfes : 
Offspring  of  March,  1907,  showed  an  L+  dose  of  ao-h/ai  or  1.38+.  The  scram  of  the 
mother  at  this  time  was  less  than  %  unit  per  cubic  centimeter,  probably  \  unit. 
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Mad  sen  on  the  other  until  experiments  now  under  way  have 
been  completed.  There  can  be  no  question,  however,  of  the 
fact  that  toxin-antitoxin  mixtures  differ  materially  in  their 
effect  upon  the  body  from  toxins  alone.  There  may  pos- 
sibly be  a  slow  dissociation  of  the  toxin-antitoxin  compound, 
and  a  utilization  of  the  large  store  of  toxin  introduced  under 
cover  of  a  single  antitoxic  unit.* 

The  general  belief  that  a  neutral  toxin-antitoxin  mixture  is 
of  no  significance  in  producing  active  immunity,  or  in  trans- 
mitting immunity  to  offspring,  is  to  be  inferred  from  the  fact 
that  the  quite  extensive  literature  which  has  grown  up  around 
the  testing  of  antitoxin  does  not  refer  to  it.  The  article 
of  Wernicke's  was  seemingly  forgotten.  As  late  as  1899, 
Behring,  in  Eulenberg  and  Samuel's  Lehrbuch  d.  allg. 
Therapie  u.  d.  therapeut  Methodik,  p.  998,  states  quite 
definitely  that  the  offspring  of  immunized  parents  do  not 
possess  any  increased  resistance. f 

It  is  impossible  to  tell  from  the  context  just  what  methods 
of  immunization  were  used  by  Behring,  whether  he  applied 
toxins  and  antitoxins  separately  or  in  wholly  or  partly  neu- 
tralized mixtures.  In  any 'case  his  positive  statements  were 
apt  to  mislead  those  who  were  at  that  time  employing  the 

*  The  L+  dose  of  our  test  toxin  is  about  thirty-eight  minimum  fatal  doses. 

t  This  passage  reads  as  follows :  "  With  the  lack  of  proof  of  acquired  histogenic  im- 
munity agrees  the  fact,  observed  again  and  again  in  my  countless  toxin  tests,  that 
guinea-pigs  and  mice  which  are  descended  from  immune  parents  possess  the  same 
sensitiveness  to  toxins  as  the  offspring  of  non-immune  individuals.  In  Marburg  the 
guinea-pigs  and  mice  which  have  served  in  experiments  upon  isopathic  and  anti-toxic 
immunity  are  placed  in  special  stables  after  the  end  of  the  experiments,  when  they  are 
used  as  breeding  animals.  The  offspring  of  these  I  allow  to  grow  up.  When  these 
are  subsequently  used  for  determining  toxin  values,  a  difference  in  the  sensitiveness  to 
toxin  between  them  and  the  offspring  of  non-immunised  guinea-pigs  and  mice  cannot 
be  recognized  in  any  manner.    .    .    . 

"  Though  I  have  come  to  the  conclusion  that,  within  a  space  of  time  controlled  by  us, 
the  degree  of  toxin  sensitiveness  of  any  animal  species  is  immovable  in  successive 
generations,  so  that  the  descendants  maintain  it  even  when  a  generation  with  altered 
toxin  sensitiveness  appears,  yet  1  am  far  from  accepting  the  fixity  of  toxin  sensitiveness 
for  all  times.  According  to  statements  made  by  Tizzoni,  there  must  exist  in  Bologna  a 
race  of  rabbits  which  is  for  more  sensitive  to  tetanus  toxin  than  those  under  observation 
in  Germany.  I  myself  have  observed  races  of  pigeons  varying  greatly  in  sensitiveness 
to  tetanus  toxin.  In  England  guinea-pigs  appear  to  have  an  inherited  and  transmissi- 
ble diphtheria  immunity  of  not  inconsiderable  degree.  From  a  private  communication 
from  Ehrlich  I  know  that  he  has  obtained  diphtheria  immune  guinea-pigs  from  a  par- 
ticular dealer." 
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antitoxic  sm't  of  Ehrlich  in  the  testing  of  diphtheria  anti- 
toxin.   He  also   was    evidently    not   aware   of  Wernicke's 
work  relished  four  years  before,  in  which  the  transmission 
*f  of  di;.ioena  immunity  from  mother  to  offspring  was  clearly 


£ 


Cte  it  the  questions  raised  by  the  study  of  transmitted 
paeTC  immunity  relates  to  the  teleological  value  of  such 
nnmimtr  in  the  protection  and  strengthening  of  the  young 
ar-BASC  infectious  diseases  soon  after  birth.  This  is  a  gen- 
try bioiQgical  problem  and  deserves  special  discussion  in 
j^icioir  to  the  invasive  bacteria  and  protozoa. 

The  problem  of  the  part  played  by  the  male  parent  in  the 
transmission  of  immunity  is  likewise  opened  for  further  inves- 
c>ation.  Though  he  does  not  transmit  directly  any  passive 
immunity,  yet  there  is  no  evidence  to  show  that  he  does  not 
equally,  with  the  mother,  transmit  the  capacity  for  producing 
antibodies,  which  capacity,  according  to  the  figures  given  in 
Table  I.,  varies  much  from  family  to  family,  quite  inde- 
pendently of  the  treatment.  It  is  hoped  that  experiments 
now  under  way  may  shed  some  light  on  this  problem. 

Another   problem    of   considerable   practical   importance 
suggested  by  the  foregoing  data  is  the  use  of  similar  neutral 
mixtures   for   producing  an  active  immunity  in  the  human 
^  subject.     The  chief  difficulty  to  be  encountered  here  would 

be   a  toxon-paralysis    following  the   use   of  mixtures   not 
entirely  saturated.      Experiments   are   now   under  way   to 
determine  by  methods  described  in  this  paper  at  what  anti- 
toxin concentration  in  the  toxin-antitoxin  mixture  the  active 
immunity  of  the  injected  animal  may  fail  to  appear,  and, 
therefore,  fail  to  be  transmitted  to  the  offspring.     If  it  should 
appear  that  a  toxin-antitoxin  mixture  in  which  the  antitoxin 
is  present  in  much  larger  amount  than  is  necessary  to  avoid 
any  local  reaction  should  still  lead  to  an  active  immunity, 
the  danger  of  toxon  paralyses  would  be  avoided.     It  would 
be  of  great  value  to  substitute   for  a  passive  immunity  in 
exposed  children  an  active  immunity  extending  over  a  con- 
siderable  period,    provided   such  immunity  is  attainable  as 
easily  and  without  any  more  difficulties  than  in  the  guinea- 
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We  have  shown l  that  horse  serum  is  apparently  a  bland 
and  harmless  substance  when  injected  into  a  normal  guinea- 
pig,  but  this  injection  renders  the  guinea-pig  susceptible  to  a 
subsequent  injection  of  horse  serum.  Ten  days  must  elapse 
between  the  first  and  the  second  injection  for  this  hyper- 
susceptibility  to  manifest  itself. 

The  present  paper  gives  the  results  of  our  further  work 
upon  this  interesting  phenomenon.  We  have  endeavored  to 
obtain  a  deeper  insight  into  the  cause  and  nature  of  hyper- 
susceptibility  and  have  attempted  to  localize  the  phenomenon 
in  certain  fluids,  cells,  or  organs  of  the  body. 

We  foresaw  last  year  that  the  problem  of  hypersuscepti- 
bility  has  an  important  bearing  upon  the  question  of 
immunity  and  expressed  the  opinion2  that  "resistance  to 
disease  may  be  largely  gained  through  a  process  of  hyper- 
susceptibility.     Whether   this  increased  susceptibility  is  an 

•Read   before  the    American    Association    of   Pathologists    and    Bacteriologists, 
Washington,  May  9,  1907.    Received  for  publication  May  9,  1907. 

Note.  —  For  details  of  the  experiments  in  this  paper,  see  Bulletin  No.  36,  Hygienic 
Laboratory,  U.S.  Public  Health  and  Marine  Hospital  Service. 
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,~^  nr.i     i.ement    or  only    one    stage    in    the    process    of 
^^^n-  t^  disease,  must  now  engage  our  attention."     We 
^.,r.rvc    escape    the    conviction    that    this    phenomenon    of 
r  *rv»^.<vf  ptibility  has    an  important  bearing   on    the  pre- 
.vr;v>*  Jind  cure  of  certain  infectious  processes.     Our  work 
->  -v  v^jir   upon    the    hypersusceptibility    produced    by   the 
^cr^r-al   proteids    strengthens    this    belief,    for   our    results 
;.v,t  that  the  phenomenon  of  hypersusceptibility  to  certain 
,*  vtvid  substances  extracted  from  the  bacterial  cell  is  fol- 
lowed by  a  definite  immunity  against  infection  by  the  same 
microorganism. 

Since  our  studies  last  year,  several  papers  have  been 
published  which,  in  the  main,  have  corroborated  our 
findings. 

McClintuck  and  King8  gave  ten  guinea-pigs  from  1/250 
to  one  cubic  centimeter  of  horse  serum  by  the  stomach  and 
thirteen  days  later  six  cubic  centimeters  of  serum  either 
subcutaneously  or  intraperitoneal^  without  causing  symp- 
toms in  any  of  them.  They  conclude  that  the  sensitizing 
action  of  horse  serum  given  by  mouth  is  not  nearly  so  great 
as  when  given  subcutaneously  or  intraperitoneally.  This  is 
in  confirmation  of  our  reported  experiments. 

Currie 4  has  studied  the  effect  of  repeated  injections  of 
horse  serum  in  persons  admitted  for  treatment  in  the  city  of 
Glasgow  Fever  and  Smallpox  Hospital  at  Belvidere.  He 
concludes  that  it  is  apparent  from  the  facts  detailed  by  him 
that  repeated  injections  of  horse  serum  induce  symptoms  of 
supersensitation  in  man ;  but  it  is  also  apparent  that  the 
same  facts  lend  no  countenance  to  the  suggestion  that  the 
death  of  persons  suffering  from  diphtheria  is  to  be  appre- 
hended as  the  result  of  repeated  injections  of  anti-diphtheric 

serum. 

Besredka  and  Steinhardt5  studied  with  much  care  certain 
features  of  hypersusceptibility  to  horse  serum  in  guinea-pigs; 
they  note  that  the  French  serums  are  much  less  toxic  than 
those  used  by  Otto  in  Frankfurt  and  the  serums  used  by  us. 
Ifcsredka  and  Steinhardt  had  a  mortality  of  about  twenty-five 
per  cent  when  five  cubic  centimeters'  of  serum  were  given 
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intraperitoneally  at  the  second  injection,  whereas  death  was 
the  rule  in  our  experiments  under  similar  conditions.  Most 
of  their  work  was  done  with  doses  of  .05  to  .25  cubic  centi- 
meter given  directly  into  the  brain,  which  either  killed  or 
caused  grave  symptoms  in  susceptible  guinea-pigs.  Bes- 
redka  and  Steinhardt  lay  stress  upon  the  production  of 
"  anti-anaphylaxis,"  which  we  termed  "  immunity."  They 
found  that  a  single  injection  of  serum  given  into  the  peri- 
toneum of  a  sensitized  guinea-pig  conferred  immunity  to  a 
subsequent  injection  of  .25  cubic  centimeter  into  the  brain ; 
in  one  case  the  anti-anaphylaxis  was  present  one  and  a  half 
hours  after  the  injection  into  the  abdominal  cavity.  They 
were  unable  to  demonstrate  any  protective  properties  in 
various  organs  of  immune  guinea-pigs,  confirming  our  work 
along  the  same  lines. 

Nicolle6  found  that  guinea-pigs  were  not  susceptible  to  the 
necrotic  action  induced  by  repeated  injections  of  horse 
serum,  as  is  the  case  in  rabbits;  this  corresponds  with  our 
observations  He  also  found  that  daily  injections  or 
"  spaced  "  injections,  after  the  method  of  Arthus,  did  not 
induce  a  high    degree  of  hypersusceptibility  in  guinea-pigs. 

Besredka 7  questioned  whether  we  should  not  consider  this 
toxic  property  of  horse  serum,  as  well  as  its  antitoxic 
power.  He  suggests  that  a  serum,  .05  cubic  centimeter  of 
which  when  given  into  the  brain  will  kill  or  cause  grave 
symptoms  in  a  sensitive  guinea-pig,  should  be  considered  as 
above  the  average  toxicity  and  ought  to  be  excluded  from 
use  in  man. 

The  work  of  Otto8  on  the  "  Theobald  Smith  phenomenon," 
and  of  von  Pirquet  and  Schick9  upon  "  the  serum  disease," 
has  been  previously  referred  to. 

The  sensitizing  substance.  —  We  ventured  the  suggestion 
in  our  former  publication  that  the  substance  that  sensitizes 
the  guinea-pig  is  the  same  as  that  which  later  poisons  it; 
profound  changes,  perhaps  in  the  central  nerve  cells,  are 
probably  produced  by  the  first  injection.  Our  subsequent 
work  has  produced  nothing  to  alter  this  working  hypothesis. 
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Vaughan 10  advances  the  theory  that  the  first  injection  of 
the  strange  proteid  is  broken  up  into  components,  one  of 
which  is  toxic,  but  that  the  animal  is  not  poisoned  because 
this  breaking  up  takes  place  slowly.  The  cells,  however, 
learn  from  this  lesson  how  to  break  up  the  complex  mole- 
cule, so  that  when  more  of  the  strange  proteid  is  intro- 
duced at  the  second  injection,  it  is  violently  rent  asunder, 
quickly  liberating  large  quantities  of  the  toxic  principle  of 
the  complex  molecule. 

Vaughan  and  Wheeler u  have  elaborated  this  explanation 
by  further  studies  upon  egg-white  and  bacterial  proteids 
split  into  poisonous  and  non-poisonous  portions.  These 
authors  believe  that  when  egg-white,  or  the  non-poisonous 
portion  of  egg-white,  is  injected  into  a  fresh  animal  certain 
cells  of  the  body  are  so  influenced  that  they  elaborate  a  new 
ferment  which,  in  the  form  of  zymogen,  remains  in  the  cell 
until  activated  by  the  second  injection,  when  it  is  set  free  and 
splits  up  the  egg-white  in  a  manner  similar  to  that  used  by 
Vaughan  in  the  laboratory.  Vaughan  and  Wheeler  believe 
that  the  effect  induced  in  the  animal  is  the  same  as  that 
caused  by  the  poisonous  portions  of  egg-white  as  they  have 
split  it  up  in  the  retort. 

Currie12  suggests  that  the  first  injection  of  serum  results 
after  an  interval  in  the  formation  of  an  antibody.  When  the 
second  injection  of  serum  is  given,  after  at  least  ten  days 
from  the  first,  the  antibody-producing  substance  of  the 
second  injection  of  serum  and  the  antibody  produced  by  the 
first  injection  come  in  contact  without  delay.  Their  union  is 
rapid;  the  whole  charge  of  the  poisonous  substance  is 
quickly   set    free    and  the  toxic  symptoms  are  sudden  and 

severe. 

Besredka  and  Steinhardt13  had,  as  a  working  hypothesis, 
the  following:  The  sensitized  guinea-pig  which  appears  in 
good  health  has,  in  spite  of  its  apparent  well-being,  perhaps, 
a  latent  lesion  of  the  brain.  A  second  injection  of  serum, 
made  into  the  peritoneal  cavity  twelve  days  later,  is  able  to 
awaken  this  nervous  lesion,  resulting  in  grave  symptoms  or 
even  death. 
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In  view  of  these  theoretical  considerations,  it  was  important 
to  make  further  studies  upon  the  sensitizing  substance  in 
horse  serum  and  other  proteid  substances. 

We  were  able  to  demonstrate  that  the  filtrate  from  horse 
serum,  after  precipitation  with  ammonium  sulphate,  still 
possesses  sensitizing  powers  in  spite  of  the  fact  that  this 
filtrate  contains  but  little  of  the  serum  globulin  and  is  very 
weak  in  antitoxic  value. 

Formaldehyd  does  not  appear  to  modify  the  sensitizing 
property  in  horse  serum,  though  it  is  capable  of  destroying 
the  toxic  properties  of  tetanus  and  diphtheria  toxines. 

From  a  limited  number  of  experiments  it  seems  that  the 
sensitizing  principle  is  not  dialyzable  through  a  collodion 
sack  when  placed  in  the  peritoneal  cavity  of  a  guinea-pig,  for 
example : 

G.P.  No.  Cx.  Collodion  sack  containing  about  3  cubic  centimeters  nor- 
mal horse  serum  placed  in  peritoneal  cavity. 

28  days  later,  5  cubic  centimeters  normal  horse  serum  injected 
subcutaneously.     No  symptoms. 

1  day  later,  sack  removed. 

23  days  after  removal  of  sack,  5  cubic  centimeters  normal  horse 
serum  injected  subcutaneously.     Mild  symptoms. 

Guinea-pigs  may  be  sensitized  by  injecting  the  serum 
directly  into  the  heart.  From  this  it  would  appear  that  the 
cells  lining  the  peritoneal  cavity  or  the  connective  tissue 
cells  of  the  subcutaneous  tissue  do  not,  apparently,  play  a 
part  in  the  phenomenon  of  hypersusceptibility. 

The  toxic  principle.  —  We  added  a  number  of  different 
ferments,  alkaloids,  and  simpler  chemical  substances  to  horse 
serum  in  order  to  modify,  destroy,  or  neutralize  its  toxic 
action.  All  these  attempts  proved  unavailing.  The  follow- 
ing ferments  were  used :  Taka-diastase,  pancreatin,  rennin, 
myrosin,  invertin,  emulsin,  pepsin  in  acid  solution,  pepsin  in 
alkaline  solution,  ingluvin,  malt,  and  papain.  The  ferments 
were  added  to  the  horse  serum  and  allowed  to  stand  at  I  50  C. 
over  night. 
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The  following  alkaloids  were  added  to  serum  in  amounts 
less  than  the  toxic  dose  for  the  animal,  but  apparently  with- 
out modifying  the  symptoms  in  any  way:  Atropin,  strych- 
nin, morphin,  and  caffein. 

Calcium  chlorid,  sodium  nitrate,  sodium  chlorid,  mag- 
nesium sulphate,  and  ammonium  sulphate  were  without  any 
modifying  action  upon  the  toxic  property. 

We  thought  perhaps  by  mixing  the  serum  with  ox-bile,  or 
by  shaking  it  up  with  animal  charcoal  or  yeast  cells,  that  the 
toxic  principle  might  be  altered  in  some  way;  these  sub- 
stances were  found  to  be  without  effect. 

In  view  of  the  fact  that  formaldehyd  has  a  destructive 
action  upon  such  "haptin"  substances  as  tetanus  and 
diphtheria  toxines,  and  in  further  view  of  the  fact  that  the 
sensitizing  and  toxic  principles  of  horse  serum  seem  to 
belong  to  the  haptine  group  of  substances  in  the  sense  used 
by  Ehrlich,  it  became  interesting  to  determine  what  effect 
formaldehyd  would  have  upon  hypersusceptibility  produced 
by  horse  serum. 

The  formaldehyd  was  added  to  normal  horse  serum  in 
various  proportions  and  allowed  to  stand  for  different 
lengths  of  time  before  injecting  into  guinea-pigs  without, 
however,  modifying  the  symptoms  to  any  appreciable  extent. 

Calcium  chlorid.  —  Netter14  has  shown  that  when  one 
gram  of  calcium  chlorid  is  given  on  the  day  of  injection,  and 
on  the  two  following  days,  the  number  of  children  showing 
eruption  following  the  injection  of  serum  is  greatly  reduced. 
We  thought  perhaps  this  salt  might  have  some  influence 
upon  the  phenomenon  produced  in  guinea-pigs  by  two 
injections  of  horse  serum.  We  fed  calcium  chlorid  in  small 
amounts  to  a  number  of  guinea-pigs  for  various  lengths  of 
time  without,  however,  modifying  either  the  sensitizing  or 
toxic  principle  in  the  serum.  However  calcium  chlorid  may 
modify  the  occurrence  of  rashes  in  children  following  a 
single  injection  of  serum,  it  does  not  influence  to  any  marked 
extent  the  toxic  effect  in  guinea-pigs  of  a  second  injection  of 
serum  given  fourteen  days  after  the  first  injection. 

The  toxic  principle  is  not  affected  by  freezing  at  1 5*  F. 
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Is,  the  toxic  principle  specific?  —  The  toxic  action  is 
quantitatively  specific  so  far  as  various  blood  serums  are 
concerned.  That  is,  a  guinea-pig  sensitized  with  horse 
serum  is  more  susceptible  to  a  subsequent  injection  of  horse 
serum  than  to  a  subsequent  injection  of  the  blood  serum  of 
cattle,  sheep,  cats,  dogs,  hogs,  etc.  The  specific  character 
of  the  hypersusceptibility  is  more  apparent  when  proteid 
substances  of  quite  different  origin  are  used  at  the  first  and 
second  injections.  For  example,  guinea-pigs  sensitized  with 
horse  serum  do  not  react  at  all  to  subsequent  injections  of 
peptone,  vegetable  proteid  extracts,  egg  albumen,  or  milk. 

The  converse  of  the  above  is  also  true,  that  guinea-pigs 
sensitized  with  subcutaneous  injections  of  these  various 
proteid  substances  do  not  react  to  a  subsequent  injection  of 
horse  serum. 

Other  albuminous  substances.  —  As  soon  as  we  concluded 
that  it  is  probably  the  proteid  substance  in  horse  serum  that 
is  chiefly  concerned  in  sensitizing  and  poisoning  the  guinea- 
pigs,  we  thought  of  other  proteid  substances  obtained  from 
widely  different  sources. 

We  have  found  that  hemoglobin,  egg  albumen,  milk,  and 
extract  of  peas  are  quite  as  active  as  horse  serum.  Peptone 
seems  to  have  slight  sensitizing  and  poisonous  properties; 
leucin  and  tyrosin  none  at  all.  The  reaction  following  the 
second  injections  of  proteid  matter  in  the  guinea-pig  appears 
then  to  be  common  to  all  the  higher  forms  of  albuminous 
substances,  no  matter  from  what  source.  It  occurs  to  us 
that  this  phenomenon  of  hypersusceptibility  in  the  guinea-pig 
may  be  used  as  a  physiological  test  to  distinguish  true  proteid 
substances  from  the  lower  forms  of  nitrogenous  compounds. 
It  would  be  interesting  to  determine  whether  the  synthetic 
peptids  and  polypeptids  of  Fisher  sufficiently  approach  the 
true  proteid  molecular  structure  to  induce  hypersuscepti- 
bility in  the  guinea-pig. 
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Hemoglobin  versus  Hemoglobin. 


>**.  *»if 


First  Injection. 


^ .1      cc.      hemoglobin 

washed    Jo    times, 
subcutaneously. 

„*  .., 5      cc.     hemoglobin 

washed     ao    times, 
subcutaneous  ly. 

^± i      cc.      hemoglobin 

washed     ao    times, 
subcutaneously. 

v  ♦   .......    5      cc.      hemoglobin 

washed    ao    times, 
subcutaneously. 

*^.... ,5      cc.      hemoglobin 

washed     ao    times, 
subcutaneously. 


Interval 
in  Days. 


Second  Injection. 


sa        [  6    cc.   hemoglobin, 
intraperitoneally. 


33  6     cc.  hemoglobin, 

intraperitoneally. 


aa  6    cc.   hemoglobin, 

(      intraperitoneally. 


33        ,  6     cc.  hemoglobin, 
intraperitoneally. 


33  6     cc.  hemoglobin, 

intraperitoneally. 


Result. 


Marked  symptoms. 


Severe  symptoms. 


Dead,  5  min. 


Slight  symptoms. 


Very   severe    symp- 
toms. 


The  hemoglobin  was  obtained  by  dissolving  the  washed  red 
corpuscles  of  a  normal  horse  in  distilled  water.  The  red  cor- 
puscles for  the  hemoglobin  solution  used  at  the  first  injection, 
in  order  to  sensitize  the  guinea-pigs,  were  washed  and  cen- 
trifugalized  twenty  times  in  order  to  surely  wash  away  all 
traces  of  serum,  the  smallest  remaining  quantities  of  which 
might  have  confused  the  results.  The  hemoglobin  used  at 
the  second  injection  was  dissolved  from  red  corpuscles  washed 
four  times. 
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Egg  Albumen  versus  Egg  Albumen. 


No.  G.P. 


406 


407 


40S 


♦°9 


410 


73* 


First  Injection. 


.1    cc.    egg   albumen 
subcutaneously. 


.5  cc.    egg    albumen 
subcutaneously. 


1     cc.    egg   albumen 
subcutaneously. 


3   cc.    egg    albumen 
subcutaneously. 


5    cc.     egg    albumen 
subcutaneously. 


1  cc.  egg  albumen  -j- 
salt  solution  sub- 
cutaneously. 


Interval 
in  Days. 


22 


33 


2J 


32 


23 


21 


Second  Injection. 


6  cc.  saturated  solu- 
tion egg  albumen 
in  salt  solution, 
intraperitoneal  ly. 


Result. 


Dead,  30  min. 


6  cc.  saturated  solu-  j  Dead,  iS  min. 
tion  egg  albumen 
in    salt    solution, 
Intraperitoneal  ly. 


6  cc.  saturated  solu- 
tion egg  albumen 
in  salt  solution, 
intraperitoneal  ly. 

6  cc.  saturated  solu- 
tion egg  albumen 
in  salt  solution, 
intraperitoneal^. 

6  cc.  saturated  solu- 
tion egg  albumen 
in  salt  solution, 
intraperitoneally. 

6  cc.  egg  albumen 
+  '  salt  solution 
equal  quantities, 
intraperitoneally. 


Dead,  25  min. 


Dead,  25  min. 


Dead,  20  min. 


Severe  symptoms. 
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Milk  versus  Milk. 


No.  G.P.  '        Pint  Injection. 


Interval 
■  in  Days. 


Second  Injection. 


401 


402 


403 


4<H 


706 


707 


708 


709 


737 


,;  3  cc.  milk,  filtered 
through  porcelain, 
subcutaneously. 

1    cc.    milk,    filtered 
through     porcelain,  | 
j      subcutaneously. 

1  1 

.5    cc.    milk,    filtered  ' 
through     porcelain, 
subcutaneously. 

.1  cc.  milk,  filtered 
through  porcelain, 
subcutaneously. 

.5  cc.  fresh  whole  milk 
subcutaneously. 


Control  ... 


1  cc.  fresh  whole  milk 
subcutaneously. 


3  cc.  fresh  whole  milk 
subcutaneously. 


5  cc.  fresh  whole  milk 
subcutaneously. 


.1  cc.  fresh  whole  milk 
subcutaneously. 


36 


!  10  cc.  bottom  milk 
I      intraperitoneally. 

1 

10  cc.  bottom  milk 
intraperitoneally. 


26        1  10  cc.  bottom  mi.k 
1      intraperitoneally. 


26 


3» 


3i 


3» 


3i 


3* 


10  cc.  bottom   milk 
intraperitoneally. 


10  cc.  fresh  whole 
milk  intraperito- 
neally. 

10  cc.  fresh  whole 
milk  intraperito- 
neally. 

io  cc.  fresh  whole 
milk  intraperito- 
neally. 

10  cc.  fresh  whole 
milk  intraperito- 
neally. 

10  cc.  fresh  whole 
milk  intraperito- 
neally. 


Result. 


Slight  symptoms. 


Slight  symptoms. 


Slight  symptoms. 


Slight  symptoms. 


Dead,  20  mis. 


Very   severe    symp- 
toms. 


Very   severe    symp- 
toms. 


Very   severe    symp- 
toms. 


Very   severe    symp- 
toms. 


6cc.  fresh  whole  milk  (acid),  intraperitoneally. 


No  symptoms. 
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Peas  versus  Peas. 


No.  G.P. 

First  Injection. 

Interval 
in  Days. 

Second  Injection. 

Result. 

4'6  

4»7   

418  

4*9  

.1  cc.  watery  extract 
of  peas,  24  hrs.  »t 
i<°  C.  (acid)  filtered 
through    porcelain, 
subcutaneously. 

.5  cc.  watery  extract 
of  peas,  24  hrs.  at 
150  C.  (acid)  filtered 
througn    porcelain, 
subcutaneously. 

1   cc.  watery   extract 
of  peas,  24  hrs.  at 
iS°C.  (acid)  filtered 
througn    porcelain, 
subcutaneously. 

3    cc.  watery  extract 
of  peas,  24  hrs.  at 
150  C.  (acid)  filtered 
through    porcelain, 
subcutaneously. 

5    cc.  watery  extract 
of  peas,  24  hrs.  at 
K®  C.  (acid)  filtered 
through    porcelain, 
subcutaneously. 

26 
26 
26 
26 
26 

10    cc.    watery   ex- 
tract   of  peas,    3 
days    at    15°    C, 
filtered      through 
porcelain,     intra- 
peritrmeaily. 

10    cc.    watery   ex- 
tract  of   pens,   3 
days    nt     15°    C, 
filtered      through 
porcelain,      intra- 
peritoneal ly. 

10    cc.    watery   ex- 
tract  ot    peas,    3 
days    at    15"    C, 
filtered      through 
porcelain,     intra- 
peritoneally. 

10    cc.    watery   ex- 
tract   of   peas,    3 
days    at    15°    C, 
filtered      through 
porcelain,     intra- 
peritoneally. 

10    cc.    watery    ex- 
tract  of   peas,    3 
days    at    15°    C, 
filtered      through 
porcelain,     intra- 
peritoneally. 

Marked  symptoms. 
Dead,  7  hrs.  30  min. 
Marked  symptoms. 
Dead,  4  hrs. 
Dead,  2  hrs. 

Control  ... 
Control  ... 

10  cc.  watery  extract  0 
through  porcelain,  in 

10  cc.  watery  extract  0 
through  porcelain,  in 

f  peas,  3  d 
traperitonc 

f  peas,  3  d 
traperitonc 

ays  at  15°  C,  filtered 
'ally. 

ays  at  15°  C,  filtered 

sally. 

No  symptoms. 
No  symptoms. 
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Peptone  versus  Peptone. 


No.  G.P.  First  Injection.  }„  dST^       Second  Injection. 


Result. 


49* 


490 


49* 


4*8 


748 


*49 


750 


7$' 


75» 


Control  ... 


.5  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

1  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

3  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

.1  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

.1  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

.5  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

1  cc  half  saturated 
solution  peptone, 
subcutaneously. 

3  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

5  cc.  half  saturated 
solution  peptone, 
subcutaneously. 


I 


31 


ai 


31 


31 


31 


31 


31 


31 


31 


6  cc.  saturated  solu- 
tion peptone,  in- 
traperiloneally. 

6  cc.  saturated  solu- 
tion   peptone,  in 
1       traperitoneally. 

6  cc.  saturated  solu- 
tion peptone,  in- 
tra peritoneally . 

6  cc.  saturated  solu- 
tion   peptone,  in 
traperitoneally. 


6  cc.  half  saturated 
solution  peptone, 
intraperitoneally. 

6  cc.  half  saturated 
solution  peptone, 
subcutaneously. 

6cc.  h-*lf  saturated 
solution  peptone, 
subcutaneously. 

6  cc.  half  saturated 
solution  peptone, 
i  ntraperitoneal  ly . 

6  cc.  half  saturated 
solution  peptone, 
subcutaneously. 


Slight  symptoms. 


Mild  symptoms. 


Marked  symptoms. 


Marked  symptoms. 


Marked  symptoms. 


No  symptoms. 


Marked  symptoms. 


Marked  symptoms. 


Marked  symptoms. 


6  cc.  half  saturated  solution  peptone,  heated,  subcuta-     No  symptoms, 
neously.  1 


Tyrosin  versus  Tyrosin. 


No.  G.P. 

First  Injection. 

Interval 
in  Days. 

Second  Injection. 

Result. 

739   

740   

74i    

.003  gram  watery  solu- 
tion tyrosin,  subcu- 
taneously. 

.01  gram  watery  solu- 
tion tyrosin,  subcu- 
taneously. 

.02  gram  watery  solu- 
tion tyrosin,  subcu- 
taneously. 

31 
31 
31 

6     cc.    tyrosin     (.1 

gram  4-    5°   cc-) 
watery     solution, 
intraperitoneally. 

30   cc.    tyrosin    (.1 
gram   +    50    cc.) 
watery     solution, 
i  ntra  per  itonea  1  ly . 

10    cc.    tyrosin     (.1 
gram    +    50  cc.) 
watery     solution, 
intraperitoneally. 

No  symptoms. 
No  symptoms. 
No  symptoms. 

Control .... 

6  cc.  tyrosin  (.1  gram  - 
peritoneally,  into  a  fi 

-  50  cc.)  w 
'esh  guiner 

atery  solution,  intra- 
i-pig. 

No  symptoms. 
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Leucin  versus  Leucin. 


Nc.  G.P. 


745 


746 


747 


Control  ... 


First  Injection. 


.oa  gram  leucinj  in 
watery  solution, 
subcutaneously . 


.02  gram  leucin  in 
watery  solution, 
subcutaneously. 


.02  gram  leucin  in 
watery  solution, 
subcutaneously. 


Interval 
in  Days. 


»7 


17 


Second  Injection. 


30  cc.  (.a  gram  -f  50 
cc.)  watery  solu- 
tion, intraperito. 
neally. 

6  cc.  (.a  gram  -f-  50 
cc.)  watery  solu- 
tion, intraperito. 
neally. 

10  cc.  (.a  gram  -+-  50 
cc.)  watery  solu- 
tion, intrapcrito- 
neally. 


6  cc.  leucin  (.2  gram  4-  50  cc.)  watery  solution,  intra- 
peritoneal^, into  a  fresh  guinea-pig. 


Result. 


No  symptoms. 


No  symptoms. 


No  symptoms. 


No  symptoms. 


Other  blood  serums  and  other  albuminous  substances  are 
also  toxic.  —  So  much  of  our  work  has  been  done  with  horse 
serum  that  we  desire  to  record  some  further  experiments 
with  the  blood  serums  of  other  animals.  We  confirm  and 
extend  our  previous  work  that  the  same  reactions  may  be 
induced  in  the  guinea-pig  with  the  blood  serums  of  various 
animals,  such  as  the  dog,  ox,  sheep,  cat,  and  hog. 


} 
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No.  G.P. 


461. 
462. 

463. 
465. 
466. 
467. 
468. 
469. 
470 

47l- 
472. 

473- 
474- 

475- 
476. 

477- 
478. 

479- 
480., 

481.. 

482.. 

483.. 

484.. 
485.. 


First  Injec- 
tion. 


Subcutane- 

ousiy,  9io  cc. 

Serum  of 


Ox. 


11 


*t 


tt 


Interval  in 
Days. 


Sheep. 


it 


tt 


It 


it 


Hog. 


a 


a 


ti 


tt 


Dog. 


<i 


1* 


u 


tt 


Cat. 


a 


a 


a 


1* 


37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
7° 
7° 
70 
70 


70 


7° 
70 


7° 


70 


Second  Injec- 
tion. 


Intra  peri- 
toneal ly  6  cc. 
Serum  of 


Ox. 


a 


u 


a 


Sheep. 


n 


it 


tt 


tt 


Hog. 


a 


it 


a 


it 


Dog. 


H 


tt 


U 


if 


Cat. 


«« 


«• 


u 


Result. 


Dead,  1 20  min. 
Marked  symptoms. 
Severe  symptoms. 
Severe  symptoms. 
Slight  symptoms. 
Dead,  1 10  rain. 
Severe  symptoms. 
Severe  symptoms. 
Dead,  12  hrs. 
Mild  symptoms. 
Dead,  12  hrs. 
Dead,  I  hr. 
Severe  symptoms. 
Severe  symptoms. 
Dead,  60  min. 
Dead,  120  min. 
Dead,  20  min. 
Dead.  65  min. 
Dead,  70  min. 
Dead,  120  min. 
Dead,  50  min. 
Dead,  120  min. 
Dead,  50  min. 
Dead.  65  min. 
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Comparative  toxicity  of  untreated  and  refined  antitoxic 
serum.  —  It  has  long  been  known  that  diphtheria  antitoxine 
is  precipitated  from  the  serum  with  the  globulins  and  many 
attempts  have  been  made  to  separate  the  antitoxine  from 
the  non-antitoxic  substances  contained  in  the  serum. 

Gibson  15  has  evolved  a  practical  method  of  concentrating 
and  refining  diphtheria  antitoxic  serum.  Part  of  the  process 
consists  in  placing  the  one-half  saturation  of  ammonium 
sulphate  precipitate  derived  from  the  antitoxic  serum  in 
saturated  sodium  chlorid  solution.  This  dissolves  a  portion 
of  the  globulins  with  all  the  antitoxine.  In  this  way  the 
nucleo-proteids  and  insoluble  globulins  present  in  the  first 
precipitate  are  eliminated.  The  soluble  globulins  are  pre- 
cipitated by  acetic  acid,  filtered,  partially  dried,  and  finally 
placed  in  a  sack  of  parchment  membrane  and  dialyzed  in 
running  water.  This  antitoxic  solution  of  soluble  globulins 
is  then  rendered  neutral  and  sufficient  sodium  chlorid  added 
to  make  it  isotonic. 

Park  and  Throne16  find,  from  a  comparative  study  of  one 
hundred  cases,  that  the  removal  of  a  considerable  portion  of 
the  non-antitoxic  globulins  from  the  serum  by  the  Gibson 
method  eliminates  much  of  the  deleterious  matter  from  the 
serum,  so  that  severe  rashes,  joint  complications,  fever,  and 
other  constitutional  disturbances  are  less  likely  to  occur 
from  the  antitoxic  globulins  than  from  the  antitoxic  serum 
from  which  they  were  obtained. 

We  asked  ourselves  the  question  whether  the  precipitated 
and  refined  serum  is  less  toxic  to  sensitized  guinea-pigs  than 
the  untreated  serum  from  which  it  was  made.  Park  kindly 
furnished  us  some  of  the  precipitated  serum  and  the 
corresponding  untreated  serum  from  which  it  was  made  in 
order  to  carry  out  these  tests. 

By  using  the  precipitated  serum  and  the  untreated  serum 
from  the  same  horse  we  were  able  to  show  by  a  number  of 
comparative  experiments  that  refined  antitoxic  serum 
precipitated  and  dialyzed  in  accordance  with  the  Gibson 
method  is  quite  as  toxic,  bulk  for  bulk,  as  the  untreated 
serum  from  which  it  has  been  obtained.     We  must,  however, 
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consider  that  the  treatment  to  which  the  serum  is  subjected  in 
accordance  with  the  Gibson  method  concentrates  its  antitoxic 
power  about  twice.  There  is,  therefore,  a  distinct  advantage 
gained,  so  far  as  bulk  is  concerned,  in  giving  a  corresponding 
number  of  antitoxic  units,  for  the  serum  reaction  in  children 
depends  partly  upon  the  quantity  of  serum  given. 

Comparative  toxicity  of  different  horse  serums.  —  Besredka 
and  Steinhardt"  believe  that  the  French  horse  serums  are 
much  less  toxic  than  those  used  by  Otto  M  and  the  serums 
used  by  us.  Besredka  and  Steinhardt  had  a  mortality  of 
about  twenty-five  per  cent  when  five  cubic  centimeters  of 
serum  were  injected  intraperitoneal!)'  at  the  second  injection, 
whereas  Otto's  and  our  percentage  under  similar  conditions 
was  much  higher.  Besredka  kindly  sent  us  a  quantity  of 
"  serum  antidiphterique  "  prepared  at  the  Pasteur  Institute 
and  this  serum  was  injected  into  a  series  of  guinea-pigs  in 
order  to  compare  its  toxicity  with  the  normal  horse  scrum  of 
our  own  horse  that  we  have  used  so  much  in  these  experi- 
ments. 
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Toxicity  of  "  Serum  Antidiphterique  "  (Pasteur  Institute). 


No. 
G.P. 


7768.. 


7774- 


77*3- 


7726.  . 


7S49.. 


440. 


First  Injection. 


45' 


.14a  cc.  toxine  5  -4-  ,}D 
cc.  antitoxic  horse 
serum  (S.  spl.  .1351), 
subcutaneously. 

.142  cc.  toxine  5  +  3J0 
cc.  antitoxic  horse 
serum  (S.  spl.  .1351)* 
subcutaneously. 

.14a  cc.  toxine  5  -J-  ^0 
cc.  antitoxic  horse 
serum  (PD.  .oSoaa), 
subcutaneously. 

.14a  cc.  toxine  S  -}-  rio 
cc.  antitoxic  horse 
serum  (PD.  .0S022), 
subcutaneously. 

.14a  cc.  toxine  5  +  ,J0 
cc.  antitoxic  horse 
serum  (A.  19a),  sub- 
cutaneously. 

.0006  gram  tetanus  tox- 
ine A  -f-  B&0  cc.  anti- 
toxic horse  serum 
( Hoechst) ,  subcutane- 
ously. 

.0006 gram  tetanus  toxine 
■A-  4-  b&o  cc-  antitoxic 
horse  serum  (Park), 
subcutaneously. 


Interval 
in  Days. 


76 


33 


83 


5S 


56 


S° 


Second  Injection. 


5  cc.  antitoxic  horse 
serum  (Pasteur  In. 
stitute),  intraperilo- 
neally. 

5  cc.  antitoxic  horse 
serum  (Pasteur  In- 
stitule),  intraperito- 
neal ly. 

5  cc.  antitoxic  horse 
serum  (Pasteur  In- 
stitute) ,  intraperito- 
neally. 

5  cc.  antitoxic  horse 
serum  (Pasteur  In- 
stitute), intraperito. 
neally. 

5  cc.  antitoxic  horse 
serum  (Pasteur  In- 
stitute), intraperito. 
neally. 

5    cc.    antitoxic    horse 
serum    (Pasteur    In- 
stitute),   intraperito- 
<      neally. 


1  5  cc.  antitoxic  horse 
serum  (Pasteur  In- 
stitute), intraperito- 
neal ly. 


Result. 


Dead,  11  min. 


Dead,  10  mia. 


Dead,  15  min. 


Dead,  9  min. 


Dead,  19  min. 


Dead,  10  min. 


Dead,  10  min. 


Toxicity  of  Normal  Horse  Serum  (our  roan). 


No. 
G.P. 


784S 


7850. 


77*5- 


First  Injection. 


444' 


417- 


.24  cc.  toxine  9-f  alo  cc- 
anti toxic  horse  serua. 
(A.  iya),  subcutane- 
ously. 

.24  cc.  toxine  9-f-  ,lD  cc. 
antitoxic  horse  serum 
(A.  142),  subcutane- 
ously. 

.34  cc.  toxine  o+sl0cc. 
antitoxic  horse  serum 
(PD.  .08022),  subcu- 
taneously. 

.0006  pram  tetanus  tox- 
ine A  -f-  T^oo  cc.  anti- 
toxic horse  serum 
(Hcechst),  subcutane- 
ously. 

.0006  gram  tetanus  tox- 
ine A  -f-  s&o  cc.  anti- 
toxic horse  serum 
(M  .2122),  subcutane- 
ously. 


Interval 
in  Days. 


Second  Injection. 


Result. 


58 


58 


80 


56 


56 


1  5    cc.     normal     horse 
I       (roan)   serum,  intra- 
peritoneal ly. 


5  cc.  normal  horse 
(roan)  serum,  intra- 
peritoneally. 


'  5    cc.     normal     horse 
(roan)   serum,  intra- 

peritoneally. 

1 

1 

1  5    cc.     normal     horse 
,       (roan)   serum,   intra- 


peritoneal^. 


5  cc.  normal  horse 
(roan)  serum,  intra- 
peritoneal ly. 


Dead,  20  min. 


Dead,  lS  min. 


Dead,  35  min. 


Very   severe    symp- 
toms. 


Very    severe   symp- 
toms. 


Note.  —  Where  "  toxine  "  is  mentioned  in  the  tables,  diphtheria  toxine  is  meant,  unlets 
otherwise  stated. 


398  ROSENAU   AND   ANDERSON. 

It  is  perfectly  evident  from  the  above  that  our  results  upon 
the  comparative  toxicity  of  the  French  and  American  serums 
do  not  agree  with  those  reported  by  Besredka  and  Stein- 
hardt.  With  us  the  French  serums  are  perhaps  somewhat 
more  toxic  than  our  own.  We  believe  these  contradictory 
results  are  due  to  other  causes  than  the  relative  toxicity  of 
the  different  serums.  It  is  not  likelv  that  these  differences 
are  due  to  varying  susceptibility  of  the  different  breeds  of 
guinea-pigs.  We  have  found  little  difference  between  guinea- 
pigs  obtained  from  five  or  six  different  sources.  Further,  we 
have  sometimes  been  struck  with  the  fact  that  guinea-pigs 
from  our  own  stock  and  raised  under  precisely  similar  con- 
ditions show  striking  differences  of  degree  in  the  reaction  to 
the  second  injection.  For  instance,  all  the  guinea-pigs  sen- 
sitized with  toxine-antitoxine  mixtures  upon  a  certain  date 
will. subsequently  prove  exceedingly  sensitive  and  most  of 
them  will  die  at  the  second  injection,  whereas  another  lot  of 
guinea-pigs  similarly  sensitized  at  another  time  will  prove 
much  less  susceptible  at  the  second  injection.  So  far  as  we 
are  able  to  judge,  this  difference  of  toxicity  depends  upon 
something  connected  with  the  sensitizing  action  and  not  with 
the  variety  of  horse  serum  given  at  the  second  injection. 

The  immunity  to  hypersusceptibility  or  "  anti-anaphy- 
laxis." —  The  immunity  produced  against  the  toxic  action  by 
repeated  injections  of  horse  serum  has  been  called  anti- 
anaphylaxis  by  Besredka  and  Steinhardt.19  From  our  sub- 
sequent work  we  learn  that  this  immunity  is  relatively  not 
quite  as  lasting  and  definite  as  many  instances  of  active 
immunity  seen  in  the  laboratory  against  bacterial  infections. 
Guinea-pigs  that  have  received  a  number  of  prior  injections  of 
horse  serum  may  again  show  symptoms  when  re-injected  with 
large  amounts.  The  symptoms  in  such  cases  are  usually  mild 
and  death  has  never  occurred  in  an  4i  immunized  "  guinea-pig 
as  a   result  of  subsequent  injections  with  horse   serum. 

Examples. 
G.P.  No.  410: 

Jan.   15,  1906.     1   cubic  centimeter  antitoxic  horse  serum  (Natl. 
VIII.,  17),  subcutaneously.     No  symptoms. 


STUDIES   UPON    HYPERSUSCEPTIBIL1TY   AND   IMMUNITY.      399 

Jan.  23,  1906.     1  cubic  centimeter  antitoxic  horse  serum  (Natl. 

VIII.,  17),  subcutaneousiy.     No  symptoms. 
Feb    8,  1906.     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII  ,  17),  subcutaneousiy.     No  symptoms. 
Feb.  14,  1906.     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII. ,  17),  subcutaneousiy.     No  symptoms. 
Feb.  23,  1906.     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII.,  17),  subcutaneousiy.     No  symptoms. 
Mar.  29,  1906     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII.,  18),  subcutaneousiy.     No  symptoms. 
April  18,  1906      6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII.,  17 )t  subcutaneousiy.     No  symptoms. 
May  16,  1906.     6  cubic  centimeters   normal   horse  (roan)  serum. 

No  symptoms. 
May  18  to  June  27,  1906.     1  cubic  centimeter  daily  normal  horse 

(roan)  serum.    No  symptoms. 
Sept.  7,  1906.     6  cubic  centimeters  normal  horse  (roan)  serum, 

intraperitoneal ly.     No  symptoms. 

G.P.  No.  430: 

May  18  to  June  27,  1906.     1  cubic  centimeter  normal  horse  (roan) 

serum,  subcutaneousiy,  daily.     No  symptoms. 
Feb.   27,    1907.     6  cubic  centimeters  normal  horse  (roan)  serum, 

intraperitoneally.     Severe  symptoms. 

G.P.  No.  427: 

May  18  to  June  26,  1906.  1  cubic  centimeter  normal  horse  (roan) 
serum,  daily,  subcutaneousiy.     No  symptoms. 

Feb.  27,  1907.  6  cubic  centimeters  normal  horse  (roan)  serum, 
intraperitoneally.     Severe  symptoms. 

G.P.  No.  4426. 

Jan.  10,  1906.     .002  cubic  centimeter  toxine  No.   5. 

Jan.  18,-1906.     6  cubic  centimeters  normal  horse  (No.  15)  serum, 

intraperitoneally.     No  symptoms. 
Feb.  14,  1906.     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII  ,  17),  intraperitoneally.     Symptoms  (?) 
Feb.  23,  1906.     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII.,  17),  intraperitoneally.     No  symptoms. 
Mar.  29,  1906.     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII.,  17),  intraperitoneally.     Mild  symptoms. 
April  1 8,  1906.     6  cubic  centimeters  antitoxic  horse  serum  (Natl. 

VIII.,  18),  intraperitoneally.     No  symptoms. 
May  16,  1906.     6  cubic  centimeters  normal  horse  (roan)  serum, 

intraperitoneally.     Severe  symptoms. 
May  18  to  June  27,  1906.     1  cubic  centimeter  normal  horse  (roan) 

serum,  intraperitoneally,  daily,  except  Sunday;  22  injections. 

No  symptoms. 
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Jan.  25,  1907.     6  cubic  centimeters  normal  horse  (15)  serum.    No 

symptoms. 
Mar.  26,  1907.     6  cubic  centimeters  normal  horse  (roan)  serum. 

No  symptoms. 

(For  other  instances  of  this  variation  in  resistance,  see  Part  IX.,  pages 
59  to  62,  Bulletin  29,  Hygienic  Laboratory,  U.S.  Public  Health  and 
Marine  Hospital  Service.) 

Maternal  transmission  of  hypersusceptibility  and  immunity. 
—  In  our  previous  work  we  showed  that  hypersusceptibility 
to  the  toxic  effects  of  horse  serum  may  be  transmitted  from 
the  mother  guinea-pig  to  her  young.  Later,  one  of  us 
(Anderson)  showed  that  the  female  guinea-pig  may  transmit 
hypersusceptibility  to  horse  serum  and  immunity  to  diph- 
theria toxine  at  the  same  time.  On  account  of  certain  anal- 
ogies between  the  reaction  to  tuberculin  and  the  toxic  action 
of  horse  serum,  we  have  made  further  studies  along  these 
lines.  In  this  paper  we  shall  refer  only  to  our  studies  upon 
the  transmission  of  hypersusceptibility  and  immunity  to 
the  toxic  action  of  horse  serum,  leaving,  related  studies  with 
tuberculosis  and  tuberculine  for  a  future  publication. 

Our  present  studies  corroborate  the  fact  that  hypersus- 
ceptibility to  the  toxic  action  of  horse  serum  always  is 
transmitted  from  the  mother  guinea-pig  to  her  young.  This 
function  is  solely  maternal ;  the  male  takes  no  part  whatever 
in  the  transmission  of  these  acquired  properties.  Whether 
this  maternal  transmission  is  hereditarv  or  congenital  cannot 
be  dennitelv  stated. 

We  are  ab*.e  to  exclude  the  milk  as  a  factor  in  transmitting 
the  hypersuscepvh!  ty  to  the  toxic  action  of  horse  serum  by 
a  so;  :os  of  exchange  ex*oer:ments.  %fc  Exchange  "  experiments 
corset  in  at  o:ve  tracing  gu  r.ea-t  :^s  born  of  a  susceptible 
mot  he*  to  nurse  \\:;h  an  ur.  treat  ec  female  and.  in  exchange, 
the  young  ot  the  untreated  tVrtta'e  are  at  the  same  time  placed 
to  n,::^e  \\  th  the  suscert  he  fetrole  From  these  "ex- 
change  *  e\iv:-:t*e:t:s  w^  !ea~t  that  the  hvr<ers;isceotibtlitv 

Wo  a  ^o  lea  *%  front  out  evoe-  ~terts  that  hypersascepti- 
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mother  is  sensitized  before  or  after  conception.  The  fact 
that  this  influence  may  take  place  after  conception  might  be 
taken  to  indicate  that  the  transmission  is  congenital  and  not 
hereditary. 

The  relation  of  hypersusceptibility  to  various  influences.  — 
We  have  already  shown  that  hypersusceptibility  to  the  action 
of  horse  serum  in  the  guinea-pig  has  no  evident  relation  to 
hemolysis  or  precipitins. 

Aggressines.  —  The  work  of  Bail  upon  aggressines  induced 
us  to  try  whether  a  similar  action  may  explain  hyper- 
susceptibility. Normal  horse  serum  was  injected  into  the 
peritoneal  cavity  of  a  normal  guinea-pig ;  this  produced  no 
symptoms.  Two  hours  later  the  animal  was  chloroformed 
and  about  six  cubic  centimeters  of  the  fluid  taken  from  the 
peritoneal  cavity  and  injected  into  a  sensitized  guinea-pig; 
the  symptoms  were  not  modified  in  any  way,  the  pig  dying 
in  about  twenty  minutes. 

Normal  horse  serum  was  then  injected  into  the  peritoneal 
cavity  of  a  sensitized  guinea-pig.  The  animal  developed 
typical  symptoms  and  died  in  fifteen  minutes  as  a  result  of 
the  second  injection.  About  four  cubic  centimeters  of  the 
peritoneal  fluid  from  this  animal  was  injected  into  the 
peritoneal  cavity  of  a  normal  guinea-pig  without,  however, 
causing  any  symptoms. 

A  sensitized  guinea-pig  was  given  six  cubic  centimeters  of 
normal  horse  serum,  which  was  followed  by  characteristic 
symptoms  and  death  in  thirty  minutes.  Three  cubic  centi- 
meters of  the  peritoneal  fluid  of  this  pig  was  collected  and 
injected  into  a  sensitized  guinea-pig,  causing  severe  symp- 
toms, but  not  death. 

From  the  above  example  it  seems  that  this  phenomenon 
of  hypersusceptibility  bears  no  evident  relation  to  the 
aggressines. 

Methemaglobin  poisoning.  —  The  symptoms  in  the  guinea- 
pig  somewhat  resemble  methemaglobin  poisoning.  We  are 
indebted  to  Assistant  Surgeon  A.  M.  Stimson,  of  the  U.S. 
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Public  Health  and  Marine  Hospital  Service,  for  comparative 
spectroscopic  studies  of  the  blood  of  normal  guinea-pigs  and 
of  the  blood  of  susceptible  guinea-pigs  immediately  after 
death  caused  by  a  second  injection  of  horse  serum.  No 
methemaglobin  was  found ;  only  the  bands  corresponding 
to  oxyhemaglobin  were  seen  in  the  blood  of  the  guinea-pigs 
examined  immediately  after  death. 

Oxygen  has  no  influence.  —  A  sensitized  guinea-pig  was 
inoculated  with  horse  serum  and  at  once  placed  in  an  almost 
pure  atmosphere  of  oxygen.  Another  sensitized  guinea-pig 
(not  reinoculated )  was  placed  under  the  same  bell-jar  as  a 
control.  The  inoculated  pig  developed  symptoms  and  was 
dead  in  thirty-five  minutes.  The  control  animal  showed  no 
unusual  manifestations  after  thirty  minutes  in  the  atmosphere 
of  oxygen;  it  was  then  given  an  injection  of  horse  serum 
and  immediately  replaced  under  the  bell-jar.  It  developed 
characteristic  symptoms  and  died  in  fifteen  minutes. 

The  influence  of  diphtheria  toxine  upon  hypersuscepti- 
bility.  —  The  question  was  raised  by  both  Otto  and  ourselves 
as  to  the  influence  of  the  diphtheria  toxine  in  accentuating 
the  phenomenon  of  hypersusceptibility. 

While  guinea-pigs  may  be  sensitized  with  fresh  normal 
horse  serum  alone,  it  seemed  to  us  and  also  to  Otto  that  a 
greater  degree  of  hypersusceptibility  is  produced  when  sen- 
sitized with  a  mixture  of  diphtheria  toxine  and  antitoxic 
horse  serum  than  when  the  horse  serum  alone  is  given  at  the 
first  injection.  It  seems,  however*  that  this  is  by  no  means 
alwavs  the  case. 

Twenty  guinea-pigs  were  sensitized  with  I  250  cubic  cen- 
timeter antitoxic  horse  serum.  One-half  the  animals 
received,  in  addition,  .J  cubic  centimeter  of  diphtheria  tox- 
ine ^MLD*  —  .000  K  After  thirty-one  days  all  the  guinea- 
pigs  were  tested  with  three  cubic  centimeters  normal  horse 
serum  into  the  peritoneal  cavity.  The  addition  of  the  toxine 
appeared  to  have  no  appreciable  influence  upon  the  sensitiz- 
ing power  of  the  serum,  in  this  experiment,  as  the  severity 
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of  the  symptoms  and  the  number  of  deaths  was  about  equal 
in  both  series. 

Tetanus  toxine.  —  Besredka  and  Steinhardt20  intimate  that 
guinea-pigs  sensitized  with  a  mixture  of  tetanus  toxine  and 
antitetanic  serum  are  not  sensitive  to  subsequent  injections 
of  horse  serum.  These  scientists,  however,  suggest  that  their 
failures  on  this  point  may  have  been  due  to  the  small  amount 
of  horse  serum  used  at  the  first  injection,  viz.,  1/10,000  and 
1/100,000  cubic  centimeter. 

We  tested  some  of  our  used  tetanus  guinea-pigs  to  deter- 
mine this  point  and  found  that  tetanus  toxine  does  not  appar-  t 
ently  influence  the  phenomenon  of  hypersusceptibility  to 
horse  serum.  The  guinea-pigs  were  sensitized  with  .0006 
gram  of  a  dried  tetanus  toxine,  which  represents  one  hundred 
minimal  lethal  doses,  plus  various  amounts  of  antitetanic 
serum.  All  those  tested  reacted  to  a  second  injection  of 
horse  serum. 

Spleen  and  thyroid.  —  While  we  believe  that  this  reaction 
is  probably  localized  in  the  central  nervous  system,  several 
experiments  were  undertaken  to  determine  what  influence 
the  spleen  and  the  thyroid  gland  might  have  upon  the  hyper- 
susceptibility produced  by  the  injection  of  horse  serum. 

The  removal  of  the  thyroid  gland  or  the  spleen  either 
before  or  after  an  inoculation  of  horse  serum  does  not 
prevent  the  phenomenon  of  hypersusceptibility. 

It  is  of  interest  to  note  that  the  guinea-pigs  upon  which 
splenectomy  was  performed  lost  much  hair  and  became 
reduced  in  weight,  although  the  appetite  seemed  to  remain 
good. 

Feeding  experiments  with  cooked  meat.  —  In  our  former 
work  we  showed  that  guinea-pigs  may  be  sensitized  by  feed- 
ing them  blood  serum  or  meat.  We  know  that  heating 
blood  serum  to  ioo°  C.  for  fifteen  minutes  is  sufficient  to 
destroy  its  toxic  action.  We  then  asked  ourselves  the 
question,   Would    the   heating    of    the    meat    prevent    the 
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sensitizing  action?  We  made  a  number  of  experiments  indi- 
cating that  heat  docs  destroy  this  property  of  meat,  so  far 
as  the  guinea-pig  is  concerned.*  In  these  experiments  well 
cooked  horse  meat  was  used.  It  was  heated  in  the  hot  air 
sterilizer  at  I  io°  C.  for  thirty  minutes.  Two  grams  of  it  were 
fed  to  the  animals  daily  from  June  fifteenth  to  June  thirtieth. 
Each  guinea-pig,  therefore,  received  thirty-two  grams  of  the 
cooked  meat.  None  of  them  showed  any  symptoms  when 
injected  eighteen  days  later  with  six  cubic  centimeters  of 
normal  horse  serum. 

Feeding  experiments  with  raw  beef.  —  We  know  that 
guinea-pigs  fed  with  horse  serum  or  horse  meat  are  suscepti- 
ble to  subsequent  injections  of  horse  serum  and  we  are  now 
Able  to  show  by  the  following  series  of  experiments  that 
guinea-pigs  fed  with  beef  are  susceptible  to  subsequent 
inicctions  of  cattle  serum. 


Kirat  Treatment. 


Interval 
in  Days. 


K*d  i  grams  dried  beef  |        19 
daily  for  33  day*. 

Ktnl  a  grams  dried  beef  19 

daily  for  33  days.  t 

Fed  a  grams  dried  beef  19 

daily  for  33  days. 


Second  Treatment. 


6   cc.  cow    serum,  in- 
traperitoneal i  j . 

6   cc.  cow    serum,  in- 
traperitoneally. 

6    cc-   cow    serum,  in- 
traperitonealiy. 


Result. 


Mild  symptoms. 
Miid  s\mptoms. 
SeTot  symptoms. 


Result  of  cardiac  injections.  —  We  have  shown  that 
guinea-pigs  may  readily  be  sensitized  by  subcutaneous  or 
intraperitoneal  injections,  and  that  the  second  injection  pro- 
duces symptoms  when  the  serum  is  injected  either  under  the 
skin  or  into  the  peritoneal  cavity. 

Besredka  and  Steinhardt  have  shown  that  the  injection  of 
Hcrum    into    the    brain    of  a   sensitized    guinea-pig   is  very 


poisonous. 


We  are  able  to  confirm  this  observation.     We 


then  asked  ourselves  the  question,  Can  guinea-pigs  be  sensi- 
tized by  injecting  the  horse  serum  directly  into  the  heart? 
And  can  sensitized  guinea-pigs  be  poisoned  by  such  injec- 
tions directly  into  the  circulation?     We  are  now  enabled  to 
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answer  these  questions  affirmatively  in  view  of  the  following 
experiments : 


No.  G.P. 

First  Injection. 

Interval 
in  Days. 

Second  Injection. 

Result. 

.14a  cc.  toxine  No.  5 
-j-  jio  cc-  antitoxic 
horse    serum    (NY 
BH  17),  subcutane- 
ous ly. 

131 

1.5  cc.  normal  horse 
(roan)  serum,  into 
heart. 

Dead,  3  min. 

769a 

.14a  cc.  toxine  No.  5 
4-  *io  cc*   Antitoxic 
horse    serum    (A 
347),  subcutane- 
ously. 

35 

.01    cc.  normal  horse 
(roam  serum,  into 
heart. 

Dead,  55  min. 

.14a  cc.  toxine  No.  5 
-{-  3&b  cc.  antitoxic 
horse  serum  (A  ppt. 
3i),subcutaneously. 

44 

1    cc.    normal    horse 
(roan)  serum,  into 
heart. 

Dead,  34  min. 

7<53a 

.14a  cc.  toxine  No.  5 
-f-  «io  cc.  antitoxic 
horse  serum  (A  ppt. 
31)  ,subculaneously. 

44 

1    cc.    normal    horse 
(roan)  serum,  into 
heart. 

Dead,  3  min. 

.14a  cc.  toxine  No.  5 
-f-  iio  cc.  antitoxic 
horse    serum    (A 
347),  subcutane- 

35 

1    cc.    normal    horse 
(roan)  serum,  into 
heart. 

Dead,  3  min. 

ously. 

Control . . 

a    cc.     normal    horse 
(roan)    serum,   into 
heart. 

No  symptoms. 

Same  guinea-pig. 

ao  days 
later. 

6   cc.    normal    horse 
(roan)    serum,    in- 
traperitoncally. 

Marked  symptoms. 

These  experiments  indicate  that  the  endothelial  cells  lining 
the  peritoneal  cavity  or  the  connective  tissue  cells  of  the 
subcutaneous  tissue  do  not  necessarily  play  a  part  in  the 
phenomenon  we  are  studying. 


Time.  —  Guinea-pigs  remain  susceptible  to  the  toxic  action 
of  horse  serum  a  very  long  time.  In  one  case  four  hundred 
and  eighty  days  elapsed  between  the  first  and  the  second 
injections. 

The  effect  of  first  injections  of  horse  serum  into  guinea- 
pigs. —  Theobald  Smith21  stated  that  guinea-pigs  which  have 
received  no  preliminary  doses  of  serum  may  die  of  a  first 
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injection :  of  fifty-eight  guinea-pigs  receiving  three  to  five 
cubic  centimeters  of  diphtheria  antitoxine  with  no  preliminary 
treatment,  nine  died  and  fofty-nine  showed  no  effect,  making 
15.5  per  cent  of  the  guinea-pigs  reacting  to  the  first  injection 
of  horse  serum.  In  reply  to  a  question,  Smith  stated  that 
he  did  not  know  whether  or  not  the  animals  were  the  young 
of  guinea-pigs  that  had  been  treated. 

We  have  injected  many  guinea-pigs  with  horse  serum  and 
have  never  noted  symptoms  or  death  to  follow  the  first 
injection  and  cannot  help  but  believe  that  the  results 
obtained  by  Smith  are  explained  by  our  studies  upon  the 
maternal  transmission  of  hypersusceptibility. 

Hypersusceptibility  and  immunity  produced  by  bacterial 
proteids.  —  Experimental  studies  with  the  bacterial  proteids 
are  of  the  greatest  importance  on  account  of  the  practical 
uses  to  which  results  along  this  line  may  lead.  Our  con- 
viction that  the  phenomenon  of  hypersusceptibility  which  we 
have  been  studying  in  the  guinea-pig  has  a  deep  significance 
ii>  general  pathology,  especially  in  the  problem  of  immunity, 
induced  us  to  undertake  an  extensive  series  of  experiments 
with  proteid  extracts  obtained  from  bacterial  cell  masses. 
Some  of  this  work  is  sufficiently  advanced  for  us  to  record 
our  results  in  part. 

Hypersusceptibility  may  easily  be  induced  in  guinea-pigs 
with  proteid  extracts  obtained  from  the  bacterial  cell.  The 
first  injection  of  most  of  the  extracts  used  by  us  seems  com- 
paratively harmless  to  the  animal.  A  second  injection  of 
the  same  extract  shows,  however,  that  profound  physiologi- 
cal changes  have  taken  place.  A  definite  period  must  elapse 
between  the  first  and  second  injection.  The  symptoms  pre- 
sented by  the  guinea-pigs  as  a  result  of  the  second  injection 
resemble  those  caused  by  horse  serum. 

The  phenomenon  induced  by  a  second  injection  is  followed 
(in  certain  cases)  by  an  immunity  to  the  corresponding 
infection. 

These  results  strengthen  our  belief  that  the  phenomenon 
of    hypersusceptibility    has  a  practical    significance    in  the 
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prevention  and  cure  of  certain  infectious  processes.  It  gives  a 
possible  explanation  to  the  period  of  incubation  of  some  of 
the  communicable  diseases.  Is  it  a  coincidence  that  the 
period  of  incubation  of  a  number  of  infectious  diseases  is 
about  ten  to  fourteen  days,  which  corresponds  significantly 
with  the  time  required  to  sensitize  animals  with  a  strange 
proteid  ?  In  certain  infectious  diseases  with  short  periods 
of  incubation,  such-  as  pneumonia,  the  crisis  which  commonly 
appears  about  the  tenth  day  may  find  a  somewhat  similar 
explanation.  It  is  evident  that  disease  processes  produced 
by  soluble  toxines,  such  as  diphtheria  and  tetanus,  do  not 
belong  to  the  category  now  under  consideration. 

We  propose  to  pursue  our  work  along  these  lines  so  as  to 
develop  this  working  hypothesis  into  possible  practical 
results  leading  to  the  prevention  and  cure  of  certain  of  the 
communicable  diseases. 

Extract  of  colon  bacillus.  —  The  extract  from  the  colon 
bacillus  in  the  following  experiments  was  obtained  as 
follows : 

A  two-day  old  culture  of  B.  coli  communis  in  Dunham's 
solution  was  used  to  heavily  inoculate  the  surface  of  eighty- 
four  large  agar  plates.  These  plates  were  grown  at  370  C. 
for  four  days  and  the  surface  growth  collected. 

The  bacterial  mass  was  frozen  forty-eight  hours  at  about 
1 5°  F.,  thawed  at  room  temperature,  and  then  ground  with 
sand  by  hand  in  a  mortar  for  five  hours,  shaken  vigorously 
half  an  hour,  and  again  frozen  eighteen  hours.  After  again 
thawing,  the  fluid  was  diluted  with  salt  solution  and  filtered 
through  a  Berkefeld  filter.  The  clear  filtrate  gave  a  distinct 
coagulum  with  heat  and  acetic  acid. 

All  the  other  extracts  were  obtained  by  a  similar  process. 
In  the  case  of  the  tubercle  bacillus,  the  bacterial  mass  was 
first  washed  three  days  in  running  water  to  eliminate  the 
soluble  tuberculin  as  much  as  possible. 
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No. 
G.P. 


First  Injection. 


I 


817  •  •  •  <  5  cc.  colon  extract,  sub- 
cutaneously. 


819... 

SiS... 
S20. . . 


1  cc.  colon  extract,  sub- 
cutaneously. 

1  cc.  colon  extract,  sub- 
cutaneously. 

1  cc.  colon  extract,  sub- 
cutaneously. 


821 ...    1  cc.  colon  extract,  sub- 
cutaneously. 


$22... 
823... 
S24 . . . 
825... 


.5  cc.  colon  extract,  sub- 
cutaneously. 

.1  cc.  colon  extract,  sub- 
cutaneously. 

.01  cc.     colon    extract, 
subcutaneously. 

.005  cc.   colon   extract, 
s  ubcutaneously . 


Interval 
in  Days. 

Second  Injection. 

35 

6  cc.  colon  extract,  in- 
tra perit<>nealty> 

35 

6  cc.  colon  extract,  in- 
tra peritoneally. 

35 

6  cc.  colon  extract,  sub- 
cutaneously. 

35 

6  cc.  colon  extract,  sub- 
cutaneously. 

35 

6  cc.  colon  extract,  in- 
tra peritoneally. 

35 

6cc.  colon  extract,  sub- 
cutaneously. 

*35 

6  cc.  colon  extract,  in- 
traperitoneal ly. 

35 

6  cc.  colon  extract,  sub- 
cutaneously. 

35 

6  cc.  colon  extract,  in- 
traperitoneally. 

Result. 


Marked  symptoms. 
Mild  symptoms. 
Marked  symptoms. 
Slight  symptoms. 
Mild  symptoms. 
Mild  symptoms. 
Slight  symptoms. 
Marked  symptoms. 
Severe  symptoms. 


The  hypersusceptibility  induced  by  the  colon  extracts 
manifested  itself  by  symptoms  resembling  those  already 
described  in  the  case  of  horse  serum.  The  guinea-pigs 
scratched  at  the  mouth  with  their  hind  legs.  Most  of 
them  showed  evidences  of  respiratory  embarrassment  by 
quickened,  labored,  or  irregular  breathing.  Many  of  the 
pigs  lay  over  on  their  sides,  which  is  such  a  common 
symptom.  A  few  developed  jerky  movements ;  but  in  no 
case  was  convulsion  noted.  The  pigs  looked  quite  sick  and 
ill  at  ease,  but  gradually  recovered,  so  that  by  next  morning 
they  seemed  normal. 

Ten  days  following  the  second  injection  of  the  extract  all 
the  above  pigs  were  given  five  cubic  centimeters  of  a  heavy 
emulsion  of  colon  bacillus  from  twenty-four-hour-old  agar 
slants,  but  showed  no  symptoms,  and  remain  in  good  condi- 
tion. Three  controls  received  the  same  injection  and  died 
in  twelve  hours. 


Yeast. — The  manifestations  of  hypersusceptibility  pro- 
duced by  the  proteid  extract  from  yeast  cells  are  restlessness, 
scratching,  irregular  respirations;   the  guinea-pigs  lie  down 
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and  look  sick;  sometimes  jerky  movements  are  seen  and,  in 
one  instance,  convulsions. 


No. 
G.P. 

First  Injection. 

Interval 
in  Days. 

Second  Injection. 

Result. 

755- • • 

1  cc.  extract  yeast  cells, 
subcutaneously. 

33 

6  cc.  extract  yeast  cells, 
intraperitoneally. 

Very  severe  symp- 
toms. 

754- •• 

.5  cc.  extract  yeast  cells, 
subcutaneously. 

33 

6  cc.  extract  yeast  cells, 
subcutaneously. 

Slight  symptoms. 

S64... 

.1  cc.  extract  yeast  cells, 
subcutaneously. 

IQ 

5  cc.  extract  yeast  cells, 
subcutaneously. 

Slight  symptoms. 

803... 

1  cc.  extract  yeast  cells, 
subcutaneously. 

37 

6  cc.  extract  yeast  cells, 
i  n  t  raperito  neal  1  y . 

Mild  symptoms. 

807... 

1  cc.  extract  yeast  cells, 
subcutaneously. 

37 

6  cc.  extract  yeast  cells, 
intraperitoneally. 

Mild  symptoms. 

S01... 

1  cc.  extract  yeast  cells, 
subcutaneously. 

37 

6  cc.  extract  yeast  cells, 
intraperitoneally. 

Marked  symptoms. 

Sx>... 

1  cc.  extract  veast  cells, 
subcuinneously. 

37 

6  cc.  extract  yeast  cells, 
intraperitoneally. 

Dead,  2  hrs.  10  min. 

802  .. 

1  cc.  extract  yeast  cells, 
subcutaneously. 

37 

6  cc.  extract  yeast  cells, 
subcutaneously. 

Slight  symptoms. 

805... 

1  cc  extract  yeast  cells, 
subcutaneously. 

37 

6  cc.  extract  yeast  cells, 
subcutaneously. 

Slight  symptoms. 

S10... 

1  cc.  extract  yeast  cells, 
s  ubcutaneous  1  y . 

*7 

6  cc.  extract  yeast  cells, 
subcutaneously. 

Marked  symptoms. 

806... 

1  cc.  extract  yeast  cells, 
subcutaneously. 

^7 

6  cc.  extract  yeast  cells, 
subcutaneously. 

Very  severe  symp. 
toms. 

815... 

.005    cc.    extract    yeast 
cells,  subcutaneously. 

37 

5  cc.  extract  yeast  cells, 
s  ubcu  taneously . 

No  symptoms. 

814... 

.01     cc.     extract    yeast 
cells,  subcutaneo'usly. 

37 

5  cc.  extract  yeast  cells, 
subcutaneously. 

Slight  symptoms. 

813... 

J02     cc.    extract    yenst 
cells,  subcutaneously. 

37 

5  cc.  extract  yeast  cells, 
subcutaneously. 

Mild  symptoms. 

Sl3... 

.1  cc.  extract  yeast  cells, 
subcutaneously. 

37 

5  cc.  extract  yeast  cells, 
subcutaneously. 

Severe  symptoms. 

8ll... 

.5  cc.  extract  yeast  cells, 
subcutaneously. 

37 

5  cc.  extract  yeast  cells, 
subcutaneously. 

Very  severe  symp- 
toms. 

801... 

5  cc.  extract  yeast  cells, 
subcutaneously. 

37 

5  cc.  extract  yeast  cells, 
subcutaneously. 

Mild  symptoms. 

SOO. .. 

1 

10  cc.  extract  yeast  cells, 
subcutaneously. 

*7 

• 

5  cc.  extract  yeast  cells, 
subcutaneously. 

Very  severe  symp- 
toms. 

4io 
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Hay  Bacillus. 

No.) 
G.P. 

First  Injection. 

Interval 
in  Days. 

Second  Injection. 

Result. 

SGo... 

1 

1    cc.    extract   subtilis, 
subcutaneously. 

"4 

cc.   extract    subtilis, 
intraperitoneally. 

Slight  symptoms. 

864.  . 

10  cc.  extract  subtilis, 
subcutaneouftly. 

*5 

6 

cc.  extract   subtilis, 
intraperitoneally. 

Marked  symptoms. 

865*. • 

8   cc.   extract   subtilis, 
subcutaneous  ly. 

»S 

6 

cc.  extract   subtilis, 
intraperitoneally. 

No  symptoms. 

866... 

6   cc.   extract    subtilis, 
subcutaneously. 

'5 

6 

cc  extract   subtilis, 
i  ntra  peritoneal  ly . 

Marked  symptoms. 

868... 

2   cc.   extract    subtilis, 
subcutaneously. 

n 

6 

cc.  extract   subtilis, 
intraperitoneally. 

Marked  symptoms. 

870.  . 

.5   cc.  extract   subtilis, 
subcutaneously. 

n 

6 

cc.  extract   subtilis, 
intraperitoneally. 

Marked  symptoms. 

871... 

.1    cc.  extract  subtilis, 
subcutaneously. 

25 

6 

cc.  extract   subtilis, 
i  n  traperi  toneal  ly . 

Slight  symptoms. 

87a...; 

.01   cc.  extract  subtilis, 
subcutaneously. 

»5 

6 

cc.    extract   subtilis, 
intraperitoneally. 

Slight  symptoms. 

873... 

1 

jooi  cc.  extract  subtilis, 
subcutaneously. 

»5 

6 

cc.  extract   subtilis, 
intraperitoneally. 

Slight  symptoms. 

1 

Anthrax.  —  Indications  of  hypersusceptibility  produced 
by  anthrax  are  scratching,  rapid  respirations;  pigs  frequently 
fall  over  on  their  sides  and  look  sick;  none  of  the  pigs 
coughed  or  had  convulsions. 
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No. 
G.P. 


First  Injection. 


842... 

S44... 

845. ..! 

1 

S46...; 

1 
i 

847...: 

1 

848..., 
849... 
850. . . 
851... 
852... 

$53- •• 


854... 

1 

I 

1 

SSS--M 

856.. 


10  cc.  extract  of  anthrax, 
subcutaneously. 

5  cc.  extract  of  anthrax, 
subcutaneously. 

1  cc.  extract  of  anthrax, 
subcutaneously. 

1  cc.  extract  of  anthrax, 
subcutaneously. 

1  cc.  extract  of  anthrax, 
subcutaneously. 

1  cc.  extract  of  anthrax, 
subcutaneously. 

.5  cc.  extract  of  anthrax, 
subcutaneously. 

.1  cc.  extract  of  anthrax, 
subcutaneously. 

.01  cc.  extract  of  an- 
thrax,  subcutaneously.  i 

.ooc  cc.  extract  of  an- 
thrax,  subcutaneously. 

1  cc.  extract  of  anthrax, 
subcutaneously, daily, 
7  days. 

1  cc.  extract  of  anthrax, 
subcutaneously,  daily, 
7  days. 

1  cc.  extract  of  anthrax, 
subcutaneously, daily, 
7  days. 

1  cc.  extract  of  anthrax, 
suhculaneously,daily, 
7  days. 

1  cc.  extract  of  anthrax, 
subcutaneously, daily, 
7  days. 


Interval 
in  Days. 


21 


21 


31 


3! 


31 


21 


31 


31 


21 


21 


11 


II 


II 


II 


II 


Second  Injection. 


6  cc.  extract  of  anthrax, 
subcutaneously. 

6  cc.  extract  of  anthrax, 
subcutaneously. 

6cc.  extract  of  anthrax, 
subcutaneously. 

6  cc.  extract  of  anthrax, 
subcutaneously. 

6  cc.  extract  of  anthrax, 
subcutaneously. 

6cc.  extract  of  anthrax, 
subcutaneously. 

6  cc.  extract  of  anthrax, 
subcutaneously. 

6  cc.  extract  of  anthrax, 
subcutaneously. 

6cc.  extract  of  anthrax, 
subcutaneously. 

6  cc.  extract  ol  anthrax, 
subcutaneously. 

•  6cc.  extract  of  anthrax, 
subcutaneously. 


6  cc.  extract  of  anthrax, 
subcutaneously. 


4  cc.  extract  of  anthrax, 
subcutaneously. 


6  cc.  extract  of  anthrax, 
subcutaneously. 


6  cc.  extract  of  anthrax, 
subcutaneously. 


Result. 


Marked  symptoms. 
Mild  symptoms. 
Mild  symptoms. 
Slight  symptoms. 
Severe  symptoms. 
Mild  symptoms. 
Mild  symptoms. 
Slight  symptoms. 
Slight  symptoms. 
Slight  symptoms. 
No  symptoms. 

No  symptoms. 

Mild  symptoms. 

Slight  symptoms. 

No  symptoms. 


All  the  above  guinea-pigs  were  subsequently  inoculated 
with  a  virulent  culture  of  anthrax.  They  all  died  in  a  few 
days  with  the  usual  lesions. 

A  number  of  guinea-pigs  were  given  the  extract  from 
anthrax  bacilli  before  infection;  some  were  given  a  single 
injection,  some  two  injections,  and  others  daily  injections  for 
twenty  days.  Other  guinea-pigs  were  given  the  extract  used 
as  a  vaccine,  both  in  single  and  repeated  injections,  after 
being  infected  with  anthrax  bacilli.  The  extract  did  not 
seem  to  have  any  influence  on  the  course  of  the  disease, 
whether  given  before  or  after  the  infection. 
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Tuberculosis.  —  The  indications  of  hypersusceptibility 
induced  by  extract  of  tubercle  bacilli  are  restlessness, 
scratching,  irregular  respiration,  tremor;  most  of  the  pigs 
lie  down  on  their  sides  and  look  sick. 


No. 
G.P. 


827. 


8aS. 


829. 


830. 


831. 


83a. 


833-- 


S3V- 


»3S- • 


S36.. 


First  Injection. 


.1  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

1  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

a  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

3  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

4  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

5  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

6  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

7  cc.  extract  human 
tubercle  bacilli,  sub- 
cutancously. 

8  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

9  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 


£j££.  •    Sccond  lD^tion- 


3» 


33 


33 


3» 


3a 


3* 


33 


3* 


33 


3» 


6  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

6  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

6  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

6  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 

6  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneous ly. 

6  cc.  extract  human 
tubercle  bacilli,  inlra- 
peritoneally. 

6  cc.  extract  human 
tubercle  bacilli,  intra- 
peritoneally. 

10  cc.  extract  human 
tubercle  bacilli,  intra- 
peritoneal ly. 

6  cc.  extract  human 
tubercle  bacilli,  intra- 
peritoneal!}'. 

6  cc.  extract  human 
tubercle  bacilli,  sub- 
cutaneously. 


Result. 


Mild  symptoms. 
No  symptoms. 
Mild  symptoms. 
Mild  symptoms. 
Mild  symptoms. 
Severe  symptoms. 
Slight  symptoms. 
Slight  symptoms. 
Mild  symptoms. 
No  symptoms. 


The  guinea-pigs  which  have  reacted  to  two  injections  of 
proteid  extract  obtained  from  the  tubercle  bacillus  are  now 
being  tested  for  immunity  to  infection  with  tubercle  cultures. 

Typhoid.  — The  indications  of  hypersusceptibility  induced 
by  two  injections  of  typhoid  extract  manifest  themselves  by 
rapid  respirations ;  most  of  the  pigs  lie  down  on  their  sides. 
The  symptoms  presented  by  this  series  of  pigs  were  mild.. 
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No. 
G.P. 


857 
858 

859 
860 
86a 
863 


First  Injection. 


10  cc.  typhoid  extract, 
subcutaneously. 

5    cc.    typhoid   extract, 
subcutaneously. 

1    cc.    typhoid   extract, 
subcutaneously. 

1    cc.    typhoid   extract, 
subcutaneously. 


. .    .5    cc.  typhoid  extract, 
subcutaneously. 

.1   cc.  typhoid    extract, 
subcutaneously. 


Interval 
in  Days. 


34 
34 
54 
34 
34 
34 


Second  Injection. 


10  cc.  typhoid  extract, 
subcutaneously. 

10  cc.  typhoid  extract, 
subcutaneously. 

10  cc.  typhoid  extract, 
subcutaneously. 

6  cc.    typhoid  extract, 
intraperitoneally. 

10  cc.  typhoid  extract, 
subcutaneously. 

10  cc.  typhoid  extract, 
subcutaneously. 


Result. 


Slight  symptoms. 
Slight  symptoms. 
Slight  symptoms. 
Slight  symptoms. 
Slight  symptoms. 
Slight  symptoms. 


Nine  days  following  the  second  injection  of  the  extract 
five  pigs  of  the  above  series  which  had  received  ten  cubic 
centimeters  of  the  typhoid  extract  at  the  second  injection 
resisted  a  large  dose  of  a  virulent  typhoid  culture.  Two  con- 
trols died  in  eighteen  hours.  One  or  two  of  the  pigs  which 
had  received  the  extract  were  slightly  sick  the  following  day, 
but  the  next  day  had  fully  recovered  and  have  remained  so. 
A  definite  immunity  was,  therefore,  conferred  by  the  two  in- 
jections of  extract  from  the  typhoid  bacillus. 


SUMMARY   AND   CONCLUSIONS. 

Profound  changes,  perhaps,  in  the  central  nervous  system, 
are  probably  produced  by  the  first  injection  of  a  strange 
proteid. 

Guinea-pigs  may  be  sensitized  with  horse  serum  by  injec- 
tions directly  into  the  heart.  From  this  it  appears  that  the 
cells  lining  the  peritoneal  cavity  or  the  connective  tissue 
cells  of  the  subcutaneous  tissue  do  not  necessarily  play  a 
part  in  the  phenomenon  of  hypersusceptibility. 

Guinea-pigs  may  be  sensitized  with  the  filtrate  obtained 
from  horse  serum  after  precipitation  with  ammonium  sulphate. 

Formaldehyd  does  not  appreciably  influence  the  toxicity 
of  horse  serum  and  has  no  effect  upon  the  sensitizing  action. 

The  sensitizing  substance  is  not  dialyzable  through  a  col- 
lodion sack. 
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The  toxic  principle  is  not  altered  by  various  ferments  such 
as  taka-diastase,  pancreatin,  rennin,  myrosin,  invertin,  emul- 
sin,  pepsin,  ingluvin,  malt,  or  papain,  nor  by  certain  alkaloids 
such  as  atropin,  strychnin,  morphin,  or  caffein;  it  is  also  not 
altered  by  calcium  chlorid,  sodium  nitrate,  sodium  chlorid, 
magnesium  sulphate,  or  ammonium  sulphate. 

Guinea-pigs  sensitized  with  horse  serum  do  not  react  to 
the  second  injection  of  other  proteid  substances  such  as  pep- 
tone, extract  of  peas,  egg  albumen,  and  milk.  Conversely, 
guinea-pigs  sensitized  with  subcutaneous  injections  of  these 
substances  do  not  react  to  a  subsequent  injection  of  horse 
serum. 

Guinea-pigs  show  quite  as  high  a  degree  of  susceptibility 
to  cattle,  sheep,  hog,  dog,  and  cat  serum  as  they  do  to  horse 
serum. 

Guinea-pigs  are  quite  susceptible  to  injections  of  hemoglo- 
bin, egg  albumen,  milk,  or  the  extract  of  peas  when  given 
two  injections  with  an  interval  of  at  least  ten  days.  Simpler 
albuminous  substances,  such  as  peptone,  seem  to  have  slight 
sensitizing  and  poisonous  properties,  while  lower  nitrogenous 
compounds  such  as  leucin  and  tyrosin  possess  none  at  all. 

The  reaction  following  a  second  injection  of  proteid  mat- 
ter in  the  guinea-pig  appears  to  be  common  to  all  the  higher 
forms  of  albuminous  substances,  no  matter  from  what  source. 

This  phenomenon  of  hypersusceptibility  in  the  guinea-pig 
may  be  useful  as  a  physiological  test  to  distinguish  true  pro- 
teid substances  from  the  lower  forms  of  nitrogenous  com- 
pounds. 

The  refined  antitoxic  serum,  bulk  for  bulk,  is  quite  as  toxic 
to  sensitized  guinea-pigs  as  the  untreated  serum  from  which 
it  was  precipitated  and  dialyzed.  There  is,  however,  a  dis- 
tinct advantage  gained  in  using  the  concentrated  serum,  as 
the  same  number  of  units  may  be  given  in  half  the  bulk,  and 
it  is  well  known  that  the  serum  reaction  in  man  depends 
partly  upon  the  quantity  of  serum  given. 

Serum  from  one  horse  appears  quite  as  toxic  as  serum 
from  other  horses.  The  apparent  differences  seem  to  depend 
upon  something  connected  with  the  sensitizing  action. 
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The  immunity  produced  by  repeated  injections,  termed 
"  anti-anaphylaxis  "  by  Besredka  and  Steinhardt,  appears  to 
be  relatively  not  quite  as  lasting  and  definite  as  many  in- 
stances of  active  immunity  against  bacterial  infections. 

Hypersusceptibility  to  the  toxic  action  of  horse  serum  is 
transmitted  through  the  female  guinea-pig;  the  male  has  no 
influence. 

The  susceptibility  is  not  transmitted  through  the  milk. 

Maternal  transmission  of  hypersusceptibility  succeeds 
whether  the  female  guinea-pig  is  sensitized  before  or  after 
conception. 

The  phenomenon  of  hypersusceptibility  appears  to  have 
no  relation  to  aggressins. 

Methemaglobin  is  not  present  in  the  blood  of  guinea-pigs 
dead  of  a  second  injection  of  horse  serum. 

Oxygen  has  no  influence  upon  the  symptoms. 

Neither  diphtheria  toxine  nor  tetanus  toxine  appreciably 
influences  the  phenomenon  of  hypersusceptibility  produced 
by  horse  serum. 

The  removal  of  the  spleen  or  thyroid  gland  does  not  influ- 
ence hypersusceptibility  in  the  guinea-pig. 

Guinea-pigs  fed  upon  beef  are  susceptible  to  a  subsequent 
injection  of  cattle  serum. 

Guinea-pigs  fed  with  cooked  meat  are  not  susceptible  to 
subsequent  injections  of  serum. 

When  a  second  injection  of  horse  serum  is  given  directly 
into  the  heart  of  a  susceptible  guinea-pig  the  symptoms  are 
manifested  with  promptness  and  virulence.  Under  these  cir- 
cumstances,  .01  cubic  centimeter  injected  directly  into  the 
heart  in  one  instance  was  sufficient  to  cause  the  death  of  a 
sensitized  guinea-pig. 

Guinea-pigs  remain  susceptible  a  very  long  time.  There 
is  no  diminution  in  the  susceptibility  of  a  guinea-pig  to  sub- 
sequent injections  of  horse  serum  for  at  least  one  year.  The 
longest  period  we  have  observed  is  four  hundred  and  eighty 
days. 

We  have  never  seen  symptoms  resulting  from  the  first  injec- 
tion of  horse  serum  in  a  guinea-pig  born  of  an  untreated  mother. 
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The  problem  of  hypersusceptibility  has  an  important  bear- 
ing upon  the  question  of  immunity.  Our  work  indicates  that 
hypersusceptibility  is  either  an  essential  element  or  one  stage 
in  the  process  of  resistance  to  a  certain  class  of  diseases.  We 
cannot  escape  the  conviction  that  further  studies  upon  the 
phenomenon  of  hypersusceptibility  will  have  an  important 
bearing  upon  the  prevention  and  cure  of  certain  infectious 
processes.  The  hypersusceptibility  obtained  by  bacterial 
proteids  and  the  subsequent  immunity  furnish  data  for  this 
belief. 

From  our  work  upon  the  proteid  substances  of  animal  and 
vegetable  origin,  it  was  but  a  step  to  the  albuminous  content 
of  the  bacterial  cell.  Experimental  studies  upon  the 
bacterial  proteids  are  of  the  greatest  importance  on  account 
of  the  practical  uses  to  which  results  along  this  line  may  lead. 

Hypersusceptibility  may  easily  be  induced  in  guinea-pigs 
with  proteid  extracts  obtained  from  the  bacterial  cell.  The 
first  injection  of  the  extracts  used  by  us  seems  comparatively 
harmless  to  the  animal.  A  second  injection  of  the  same 
extract  shows,  however,  that  profound  physiological  changes 
have  taken  place.  A  definite  period  must  elapse  between  the 
first  and  the  second  injection.  The  symptoms  presented  by 
the  guinea-pig  as  a  result  of  the  second  injection  resemble 
those  caused  by  horse  serum. 

The  phenomenon  induced  by  a  second  injection  is 
followed,  in  certain  cases,  by  an  immunity  to  the  correspond- 
ing infection. 

These  results  give  a  possible  explanation  of  the  period  of 
incubation  in  some  of  the  communicable  diseases.  Is  it  a 
coincidence  that  the  period  of  incubation  in  a  number  of 
infectious  diseases  is  about  ten  to  fourteen  days,  which  cor- 
responds significantly  with  the  time  required  to  sensitize 
animals  with  a  strange  proteid  ?  In  certain  infectious  diseases 
with  a  short  period  of  incubation,  such  as  pneumonia,  the 
crisis,  which  commonly  appears  in  about  ten  days,  may  be 
similarly  explained.  It  is  evident  that  diseased  processes 
produced  by  soluble  toxines,  such  as  diphtheria  and  tetanus, 
do  not  belong  to  the  category  now  under  consideration. 


i 
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The  phenomenon  of  hypersusceptibility  has  been  pro- 
duced in  the  guinea-pig  by  extracts  obtained  from  the  colon 
bacillus,  yeast,  hay  bacillus,  anthrax,  tubercle  bacillus,  and 
the  typhoid  bacillus.  The  hypersusceptibility  produced 
by  the  colon  and  typhoid  bacillus  was  followed  by  a  definite  - 
immunity  to  the  corresponding  infections.  In  the  case  of 
anthrax,  however,  immunity  does  not  follow  hypersuscepti- 
bility to  the  anthrax  proteid.  We  are,  therefore,  not  deal- 
ing with  a  general  law  applicable  to  all  infections,  but  with 
certain  limitations  as  in  the  case  of  antitoxic  immunity.  We 
are  now  applying  this  principle  to  tuberculosis,  plague,  ' 
cholera,  and  other  infections. 
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m 

Since  Balser's1  publication  in  1882  on  fat  necrosis,  which 
first  indicated  the  close  relationship  between  this  peculiar, 
frequently  fatal  disease  and  acute  inflammation  of  the  pan- 
creas, much  work  was  done  in  the  effort  to  produce  fat 
necrosis  through  some  experimental  injury  of  the  pancreas. 

The  experiments  reported  may  be  divided  in  two  large 
groups.     In  the  first  group  different  substances  were  injected 

« 

into  the  pancreatic  duct  or  into  the  body  of  the  gland.  To 
this  group  of  experiments  belong  the  researches  of  Flexner,9 
Opie,8  and  more  recently  Hess,4  Eppinger,5  Polya,6  and 
Guleke.7  The  best  results  seemed  to  have  been  obtained 
with  injection  of  oil  and  bile. 

In  the  second  group  of  publications  the  body  of  the  pan- 
creas was  mechanically  injured  in  different  ways.  Hilde- 
brand 8  was  the  first  to  experiment  along  these  lines.  He 
either  doubly  ligated  and  severed  the  pancreas,  producing  a 
stasis  of  secretion,  or  ligated  most  of  the  blood  vessels  lead- 
ing to  and  from  the  pancreas,  and  produced  a  stasis  of  circu- 
lation, or  cut  the  pancreatic  duct  allowing  a  free  exit  of  the 
pancreatic  juice  in  the  peritoneum.  Williams  9  operated  in  a 
similar  way.  Katz  and  Winkler10  ligated  the  pancreas  in 
several  places,  and  produced  both  necrosis  of  the  pancreas 
and  fat  necrosis. 

Very  recently,  Doberauer11  reported  a  series  of  twenty- 
one  experiments  on  dogs.  In  each  case  he  doubly  ligated 
and  severed  the  pancreas  with  identical  results,  viz. :  the  de- 
velopment of  fat  necrosis,  subserous  peritoneal  hemorrhages 
and  free  hemorrhagic  fluid  in  the  peritoneum.  The  animals 
were  either  dead  or  moribund  within  twenty-four  hours. 
The   author    ascribes    the    fatal   results  in  his    experiments 
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to  a  combination  of  stasis  of  secretion,  some  abnormality 
in  the  circulation,  and  a  lesion  of  the  parenchyma  of  the 
pancreas. 

These  experiments  show  clearly  that  injuries  of  the  pan- 
creas produce  different  effects  on  the  organism  from  the 
complete  removal  of  the  organ.  After  the  latter  operation 
the  animal  succumbs  with  the  symptoms  of  subacute  dia- 
betes, while  a  comparatively  slight  injury  to  the  organ  may 
kill  it  within  twenty-four  hours,  producing  an  entirely  differ- 
ent symptom  —  complex. 

But  with  all  that,  it  is  very  difficult  to  form  a  correct  idea 
of  the  etiological  relation  between  a  certain  injury  to  the 
pancreas  and  the  disease  process  that  so  rapidly  kills  the 
animal,  because  in  all  the  experimental  work  thus  far 
reported,  an  injury  which  results  fatally  in  a  certain  number 
of  animals  produces  no  effects  on  others. 

The  experiments  of  Doberauer  differ  from  all  previous 
investigations  in  the  fact  that  he  obtained  the  same  results  in 
every  experiment. 

On  the  one  hand  it  seemed  advisable  to  repeat  Doberauer's 
experiments,  because,  if  found  correct,  they  could  subse- 
quently be  varied  so  as  to  afford  a  clearer  insight  into  the 
etiological  moment  of  the  injury,  which  produced  the  acute 
fatal  disease  of  the  animal. 

On  the  other  hand  a  mechanical  injury  of  pancreas  is 
generally  a  less  complicated  experiment  than  the  injection  of 
different  substances  in  the  pancreatic  duct,  as  the  latter  may 
reach  the  general  circulation  and  thus  injure  the  organism. 

For  this  reason  a  series  of  experiments  was  undertaken  in 
which  the  pancreas  of  dogs  and  cats  was  injured  mechanically 
in  different  ways  and  the  effect  on  the  organism  studied. 
Following  is  the  detailed  description  of  the  experiments : 

I .     Double  ligation  and  section  of  the  pancreas. 

Dog  No.  i,  X.,  14.06.  Laparotomy.  The  pancreas  was  doubly  ligated 
and  severed  at  its  middle.  The  animal  was  apparently  well  after  the 
operation.  Ten  days  later  he  was  killed.  At  the  autopsy  no  abnormality 
was  found,  with  the  exception  of  the  parts  of  the  pancreas  near  the  liga- 
tures, which  were  in  a  state  of  interstitial  pancreatitis. 
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Dog  No.  2,X.,  16.06.  Laparotomy.  Double  ligation  and  section  of  the 
pancreas.  The  animal  recovered  after  the  operation  and  was  well  until 
killed  two  weeks  later.  The  autopsy  showed  the  same  condition  as  in 
the  Dog  No.  1. 

Dog  No.  3,  X.,  18.06.  Laparotomy.  Double  ligation  and  section  of  the 
pancreas.  The  animal  died  in  twenty-four  hours.  The  autopsy  showed 
congestion  of  the  pancreas  near  the  ligatures  (otherwise  the  organ  was 
macroscopically  normal),  sero-fibrinous  peritonitis,  and  no  fat  necrosis. 

Dog  No.  4.X,  22.06.  Laparotomy.  Double  ligation  and  section  of  the 
pancreas.  The  animal  recovered  after  the  operation  and  was  well  until 
killed  ten  days  later.  The  autopsy  showed  the  same  condition  as  in  the 
Dog  No.  1. 

Dog  No.  5,  X.,  25.06  Laparotomy.  Double  ligation  and  section  of  the 
pancreas.  Animal  was  well  until  killed  three  weeks  after  the  operation. 
The  autopsy  showed  the  same  condition  as  in  the  Dog  No.  1 . 

Dog  No.  6,  X.,  29.06  Laparotomy.  Double  ligation  and  section  of  the 
pancreas.  Animal  was  well  until  killed  ten  days  after  the  operation.  The 
autopsy  showed  the  same  condition  as  in  the  Dog  No.  1. 

In  this  series  of  experiments  the  injury  to  the  pancreas 
consisted  in  a  stasis  of  the  secretion  of  the  organ,  or  else  the 
pancreatic  juice,  lacking  free  access  to  the  duodenum,  was 
absorbed  by  the  lymph  or  blood  vessels.  The  latter  explana- 
tion may  be  more  plausible,  as  there  was  no  change  in  the 
condition  of  the  gland,  with  the  exception  of  the  segments  in 
the  immediate  vicinity  of  the  ligatures.  Such  an  injury 
of  the  pancreas  apparently  produces  no  ill  effect  on  the 
organism.  The  only  animal  that  die(J  twenty-four  hours 
after  the  operation  was  probably  infected. 

II.     Mechanical  crushing  of  a  part  of  the  pancreas. 

Dog  No.  7,  XI.  1.  Laparotomy.  A  part  of  the  pancreas  about  one  inch 
long  at  the  pancreatic  duct  was  crushed  with  an  artery  forceps  and  every 
bleeding  vessel  ligated  separately.  The  animal  recovered  after  the  opera- 
tion and  was  well  until  killed  two  weeks  later.  The  autopsy  showed  the 
crushed  part  of  the  pancreas  to  be  partly  absorbed  and  partly  in  a  state  of 
interstitial  degeneration.     The  rest  of  the  pancreas  was  normal. 

Dog  No.  8,  XI. 3.  Laparotomy.  Crushing  of  a  part  of  the  pancreas. 
The  animal  remained  well  and  was  killed  sixteen  days  after  the  operation. 
The  autopsy  showed  the  same  condition  as  in  the  Dog  No.  7. 

Dog  No.  9,  XI. 6.  Laparotomy.  Crushing  of  a  part  of  the  pancreas. 
The  animal  was  well  and  was  killed  three  weeks  after  the  operation.  The 
autopsy  showed  the  same  condition  as  in  the  Dog  No.  7. 

Dog  No.  10,  XI.  12.     Laparotomy.      Crushing  of  a  part  of  the  pancreas. 
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The  animal  was  well  and  was  killed  five  weeks  after  the  operation.     The 
autopsy  showed  the  same  condition  as  in  the  Dog  No.  7. 

Cat  No.  1,  XI. 8.  Laparotomy.  Crushing  of  a  part  of  the  pancreas. 
The  animal  was  well  and  was  killed  sixteen  days  after  the  operation.  The 
autopsy  showed  the  same  condition  as  in  the  Dog  No.  7. 

Cat  No  2,  XI.  10.  Laparotomy.  Crushing  of  a  part  of  the  pancreas. 
The  animal  was  well  and  was  killed  three  weeks  after  the  operation.  The 
autopsy  showed  the  same  condition  as  in  the  Dog  No.  7. 

Cat  No.  3,  XI. 15.  Laparotomy.  Crushing  of  a  part  of  the  pancreas. 
The  animal  was  well  and  was  killed  two  weeks  after  the  operation.  The 
autopsy  showed  the  same  condition  as  in  the  Dog  No  7. 

In  these  experiments  a  part  of  the  parenchyma  of  the 
organ  is  injured,  and  the  normal  pancreatic  juice  is  given  a 
free  exit  in  the  peritoneum.  There  seemed  to  be  no  ill 
effect  from  it  on  the  organism. 

HI.     Crushing  or  section  of  the  pancreas  and  ligation  of  the  pancreatic 

blood  vessels. 

Dog  No.  11,  XI.  17.  Laparotomy.  A  part  of  the  pancreas  was  crushed 
and  the  most  important  blood  vessels  were  ligated.  The  animal  recovered 
after  the  operation,  but  was  losing  weight.  It  was  killed  twelve  days 
after  the  operation.  The  autopsy  showed  interstitial  pancreatitis,  but  no 
other  abnormality. 

Do^  No.  12.  XI.  19.  Laparotomy.  A  part  of  the  pancreas  was  crushed 
and  the  blood  vessels  were  ligated.  The  animal  died  in  twenty-four 
hours.  The  autopsy  showed  acute  pancreatitis,  free  hemorrhagic  fluid  in 
the  peritoneum,  and  fat  necrosis. 

Dog  No.  13,  X  1.2 1.  Laparotomy.  Double  ligation  and  section  of  the 
pancreas,  ligation  of  blood  vessels.  The  animal  died  in  about  forty  hours. 
The  autopsy  showed  acute  pancreatitis,  free  hemorrhagic  fluid  in  the 
peritoneum,  and  fat  necrosis 

D02:  No  14.  XI. 23.  Laparotomy.  Double  ligation  and  section  of  the 
pancreas,  ligation  of  blood  vessels.  The  animal  recovered  after  the 
operation.  It  was  killed  ten  days  later.  The  autopsy  showed  interstitial 
pancreatitis 

Dog  No.  15,  XL 26.  Laparotomy.  A  part  of  the  pancreas  was  crushed 
and  the  blood  vessels  were  ligated-  The  animal  died  in  forty-eight  hours. 
The  autopsy  showed  acute  pancreatitis,  free  hemorrhagic  fluid  in  the 
peritoneum,  and  tat  necrosis. 

Doz  No.  16.  XI. rS.  Laparotomy.  A  part  of  the  pancreas  was  crushed 
and  the  blood  vessels  were  ligated.  The  animal  recovered  after  the 
o;«era:ion.  but  was  emaciating.  It  was  kii;ed  three  weeks  after  the 
operation.     The  autopsy  showed  interstitial  pancreatitis. 

Cat  No.  4,   XI. 30.     Laparotomy.     A  part  of  the  pancreas  was  crushed 
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and  the  blood  vessels  were  ligated.     The  animal  recovered.     It  was  killed 
two  weeks  after  the  operation,  showing  interstitial  pancreatitis. 

Cat  No.  5.  XII .  1 .  Laparotomy.  A  part  of  the  pancreas  was  crushed  and 
blood  vessels  were  ligated.  The  animal  recovered.  It  was  killed  ten 
days  after  the  operation  and  showed  interstitial  pancreatitis. 

In  this  series  of  experiments  some  abnormality  in  the 
blood  supply  was  produced  in  addition  to  the  results  received 
in  the  previous  experiments.  In  every  experiment  of  this 
series  the  pancreas  was  found  diseased,  but  while  in  some 
cases  the  operation  was  fatal  to  the  animal,  in  others  again 
the  organism  as  a  whole  seemed  to  suffer  but  little. 

IV.     Multiple  ligation  of  the  pancreas. 

Dog.  No.  17,  XII. 10.  Laparotomy.  Six  ligatures  were  placed  around 
different  parts  of  the  pancreas,  neither  section  nor  crushing  were  done. 
The  animal  appeared  quite  sick  after  the  operation  and  was  killed  three 
days  later.  The  autopsy  showed  acute  pancreatitis,  free  hemorrhagic 
fluid  in  the  peritoneum,  no  fat  necrosis. 

Dog  No  18,  XII.  13.  Laparotomy.  Eight  ligatures  were  placed  around 
the  pancreas.  The  animal  died  forty-eight  hours  after  the  operation. 
The  autopsy  revealed  acute  pancreatitis,  free  hemorrhagic  fluid  in  the 
peritoneum,  subserous  hemorrhages,  and  fat  necrosis. 

Dog  No.  19,  XII.  17.  Laparotomy.  Six  ligatures  were  placed  around 
the  pancreas.  The  animal  recovered  but  was  losing  flesh.  It  was  killed 
three  weeks  after  the  operation.  The  autopsy  showed  chronic  interstitial 
pancreatitis  but  no  other  abnormality. 

Dog  No.  20,  XII. 20.  Laparotomy.  Seven  ligatures  were  placed  around 
the  pancreas.  The  animal  died  twenty-four  hours  after  the  operation. 
The  autopsy  showed  gangrene  of  the  pancreas,  gangrene  of  the  duodenum 
and  peritonitis  but  no  fat  necrosis. 

Dog  No.  2if  XII. 28.  Laparotomy.  Six  ligatures  were  placed  around 
the  pancreas.  The  animal  recovered.  It  was  killed  ten  days  after  the 
operation.  The  autopsy  showed  chronic  interstitial  pancreatitis  but  no 
other  abnormality. 

Dog  No.  22,  I.07.3.  Laparotomy.  Six  ligatures  were  placed  around 
the  pancreas.  The  animal  appeared  very  sick  and  was  killed  thirty-six 
hours  after  the  operation.  The  autopsy  showed  acute  pancreatitis,  free 
hemorrhagic  fluid  in  the  peritoneum,  subserous  hemorrhages,  and  fat 
necrosis. 

Dog  No.  23,  1.8.  Laparotomy.  Eight  ligatures  were  placed  around  the 
pancreas.  The  animal  died  in  twenty-four  hours.  The  autopsy  showed 
gangrene  of  the  pancreas,  duodenum  greatly  congested,  peritonitis,  free 
hemorrhagic  fluid  in  the  peritoneum,  subserous  hemorrhages,  and  fat 
necrosis. 
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Cat  No.  6,  1. 15.  Laparotomy.  Six  ligatures  were  placed  aroand  the 
pancreas.  The  animal  died  in  sixteen  hours.  The  autopsy  showed  pan- 
creas congested,  some  free  hemorrhagic  fluid  in  the  peritoneum  and  no 
other  apparent  cause  of  death. 

Cat  No.  7,  I  24.  Laparotomy.  Seven  ligatures  were  placed  around 
the  pancreas.  The  animal  looked  sickly.  It  was  killed  one  week  after 
the  operation.     The  autopsy  showed  chronic  interstitial  pancreatitis. 

Cat  No.  8,  II. 5.  Laparotomy.  Seven  ligatures  were  placed  around  the 
pancreas.  The  animal  recovered  and  was  killed  three  weeks  after  the 
operation.     The  autopsy  showed  interstitial  pancreatitis. 

Cat  No.  9,  II.  12.  Laparotomy.  Seven  ligatures  were  placed  around 
the  pancreas.  The  animal  died  twenty-four  hours  after  the  operation. 
The  autopsy  showed  acute  pancreatitis,  free  hemorrhagic  fluid  in  the 
peritoneum,  subserous  hemorrhages,  fat  necrosis. 

In  this  last  series  of  experiments  the  injury  of  the  pan- 
creas was  severer  than  in  any  of  the  previous  experiments. 
A  stasis  nearly  complete  of  both  secretion  and  circulation 
was  produced.  Still  even  such  an  injury  of  the  pancreas  is 
not  always  fatal  to  the  organism. 

The  analysis  of  all  these  experiments  indicates  that  those 
injuries  of  the  pancreas  produce  the  gravest  effects  on  the 
organism  which  cause  the  most  serious  interference  with  the 
circulation  of  the  organ,  as  in  Series  III.  and  IV.  To  pro- 
duce a  fatal  disease  it  does  not  suffice  to  interfere  partly 
with  the  free  secretion  of  the  pancreatic  juice  into  the  intes- 
tines as  in  the  first  series  of  experiments,  or  to  injure  some 
of  the  parenchyma,  at  the  same  time  allowing  the  juice  to 
secrete  into  the  peritoneal  cavity  as  in  Series  II.  The  inter- 
ference with  the  circulation  must  be  such  as  to  produce  a 
lesion  of  the  whole  organ  so  that  not  only  will  the  organism 
be  deprived  of  the  normal  function  of  the  pancreatic  cells, 
as  after  extirpation  of  the  organ,  but  also  every  cell  will 
become  diseased  and  begin  to  act  abnormally  and  injuriously 
to  the  organism.  If  an  animal  remains  apparently  healthy 
even  after  six  or  more  ligatures  were  placed  around  the 
pancreas,  then  some  of  the  gland  parenchyma  must  have 
remained  normal  functionally.  Peritoneal  infection  which 
frequently  occurs  in  these  experiments  need  not  always  be 
caused  by  extraneous  infection,  it  may  be  produced  by 
stasis  of  secretion  in  the  pancreas  and  subsequent  invasion 
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of  .pathogenic  bacteria  from  the  duodenum  through  the  pan- 
creatic duct.  The  infection  again  aggravates  the  effect  of 
the  pancreatic  injury  upon  the  organism.  It  is  also  very 
important  to  note  that  very  frequently  animals  which  suc- 
cumb from  the  effects  of  the  injury  of  the  pancreas  do  not 
show  any  fat  necrosis  and  that  fat  necrosis  is  not  a  necessary 
sequence  of  a  severe  injury  of  the  pancreas,  though  this  does 
not  prove  that  fat  necrosis,  when  present,  may  not  be  due  to 
a  lesion  of  the  pancreas  and  to  no  other  cause. 

[Before  I  close  I  deem  it  a  very  pleasant  duty  to  express  here  my 
gratitude  to  Dr.  T.  Mitchell  Prudden  for  the  great  interest  he  showed  in 
my  work.] 
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THE  NORMAL   PULSATIONS   WITHIN  THE   ESOPHAGUS.* 

C.  I.  Young,  M.D.,  and  A.  W.  Hewlett,  M.D. 
(From  the  Cooper  Medical  College,  San  Francisco,  Cal.) 

Our  knowledge  of  the  cardiac  arrhythmias  has  been  much 
advanced  within  recent  years  through  the  study  of  graphic 
records.  For  this  reason,  every  new  application  of  this 
method  is  a  welcome  addition  to  our  means  for  investigating 
heart  disease.  Minkowski1,2  has  recently  shown  that  the 
movements  of  the  left  auricle  can  be  recorded  from  within 
the  esophagus.  He  introduces  a  stomach  tube  over  the  end 
of  which  a  small  rubber  balloon  has  been  fastened.  The 
balloon  is  inflated  at  any  desired  point  of  the  esophagus  and 
the  changes  in  pressure  exerted  upon  it  by  surrounding 
structures  is  transmitted  to  the  exterior  through  the  stomach 
tube  and  may  be  recorded  by  any  convenient  system  of  tam- 
bours. The  esophageal  cardiograms  thus  obtained  indicate 
the  contractions  of  both  auricles  and  ventricles. 

During  the  past  six  months  we  have  made  a  number  of 
such  cardiograms  mostly  from  patients  with  heart  disease. 
On  account  of  the  difficulty  in  the  interpretation  of  such 
pathological  tracings  it  seemed  advisable  to  us  to  publish 
an  exceptionally  good  set  of  normal  esophageal  tracings 
obtained  from  one  of  ourselves.  We  are  all  the  more  led  to 
do  so  for  the  reason  that  these  tracings  differ  in  some  impor- 
tant particulars  from  those  published  as  normal  by  Min- 
kowski. 

Technic.  —  The  technic  followed  was  practically  that 
advised  by  Minkowski.  The  pharynx  was  cocainized  and  a 
small-sized  stomach  tube  was  then  passed  into  the  esophagus 
to  any  desired  depth.  The  lower  end  of  this  tube  was  cov- 
ered with  a  small  rubber  balloon ;  the  upper  end  was  con- 
nected by  means  of  a  Y-tube  with  the  recording  lever  of  a 
Jaquet   cardiosphmygmograph  and  with   a   bulb  that  could 

*  Received  for  publication  May  17,  1907. 
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be  used  to  blow  air  into  the  system  and  so  inflate  the  rubber 
balloon.  The  time  relations  on  the  curves  were  obtained  by 
comparison  with  radial  tracings. 

It  was  found  that  good  tracings  are  more  readily  obtained 
from  thin  than  from  fat  individuals.  Respirations  affect  the 
character  of  the  tracings  very  considerably  and  it  was  usually 
necessary  to  take  the  tracings  at  a  particular  point  in  the 
respiratory  cycle  or  even  during  the  act  of  slow  inspiration. 
Esophageal  tracings  demand  considerably  more  from  the 
patient  than  does  the  ordinary  passage  of  a  stomach  tube ; 
for  they  consume  more  time  and  it  is  absolutely  necessary  to 
avoid  gagging.  When  to  this  is  added  the  fact  that  our 
patients  are  suffering  from  heart  disease,  that  the  tube  often 
increases  the  irregularity  of  their  hearts  and  may  cause 
dyspnea,  cyanosis,  etc.,  it  will  be  seen  that  this  is  not  a 
method  of  examination  that  is  applicable  to  every  patient. 
However,  in  many  instances,  after  the  first  discomfort  of 
passing  the  tube  is  over,  the  patient  lies  quietly  for  an  indefi- 
nite period  of  time  with  the  tube  in  position  and  it  is  only 
necessary  to  keep  his  mouth  free  of  mucus. 

Normal  tracings.  —  It  was  found  that  the  esophageal  car- 
diograms from  a  single  individual  vary  according  to  the 
point  of  esophagus  from  which  they  are  taken,  just  as  the 
ordinary  cardiogram  differs  according  to  the  point  of  the 
chest  whence  it  is  obtained.  In  order  to  compare  the  curves 
obtained  at  different  levels,  they  have  been  redrawn  to  a  time 
scale  and  have  been  arranged  one  above  the  other,  each 
having  as  a  fixed  point  the  beginning  of  the  radial  pulse. 
Minor  inaccuracies  in  such  a  scheme  naturally  occur  for  the 
reason  that  not  all  systoles  have  the  same  duration ;  but  in 
view  of  the  fact  that  the  time  of  systole  is  comparatively 
constant  with  slight  variations  of  heart  rate,  these  inaccura- 
cies are  of  but  little  importance  compared  to  the  advantages 
of  such  a  schematic  arrangement. 

In  Fig.  I,  the  uppermost  curve  a  represents  the  radial 
pulse,  the  next,  bt  the  apex  beat,  and  the  third,  c,  the  jugular 
tracing.     Tracing    d  was    obtained    within    the    esophagus, 
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thirty  centimeters  from  the  line  of  the  teeth,  and  apparently 
represents  the  pulsations  of  the  transverse  aorta,  for  it  corre- 
sponds in  time  to  the  carotid  wave  on  the  jugular  pulse, 
except  that  it  is  inverted.  This  indicates  that  the  transverse 
aorta  pulls  away  from  the  esophagus  at  each  beat. 

The  four  next  tracings,  e,  f,g>  h  (see  also  Figs.  2,  3,  and 
4),  were  obtained  at  a  distance  of  thirty-four  to  thirty-eight 
centimeters  from  the  teeth,  evidently  at  about  the  level  of 
the  seventh  dorsal  vertebra,  at  which  location  according  to 
Braune's  Atlas8  the  anterior  surface  of  the  esophagus  lies  in 
contact  with  the  left  auricle.  In  all  of  these  tracings  the 
systole  of  the  auricle  is  plainly  indicated  by  the  sharp  descent 
of  the  curves  at  the  line  I.,  the  duration  of  this  descent  being 
about  .06  second.  The  beginning  of  the  ventricular  con- 
traction as  determined  from  the  apex  beat  is  indicated  by 
line  II.  It  will  be  seen  that  there  is  a  rise  in  all  the 
esophageal  cardiograms  coincident  with  or  a  little  before  the 
beginning  of  ventricular  systole.  On  the  uppermost  tracing 
e  (see  also  Fig.  2)  this  soon  reaches  the  former  level  and 
remains  there  except  for  a  slight  positive  wave  in  the 
neighborhood  of  line  IV.  In  the  two  lower  cardiograms 
g  and  h  (see  also  Fig.  3)  this  line  is  immediately  inter- 
rupted by  a  negative  wave  which  has  its  apex  downward  and 
which  reaches  its  maximum  a  little  before  line  III.  The 
latter  represents  the  time  of  opening  of  the  semilunar  valves 
and  was  determined  from  the  carotid  wave  on  the  jugular 
tracing  by  allowing  .02  second  for  the  time  of  transmission 
from  the  heart  to  the  neck.  A  precisely  similar  wave  is 
seen  on  Erlanger's  tracings  taken  over  the  auricles  in  a 
patient  whose  bony  chest  wall  in  this  region  was  deficient.4 
Erlanger  holds  that  this  is  due  to  the  diastole  of  the  auricle. 
We  believe  on  the  contrary  that  it  depends  in  some  manner 
upon  the  ventricular  contraction  and  for  the  following  reasons : 
( 1 )  it  is  far  more  marked  on  those  cardiograms  which  were 
taken  low  down  in  the  esophagus  and  consequently  closer 
to  the  ventricle;  (2)  it  is  present  in  a  case  of  mitral 
insufficiency  where  no  evidence  of  auricular  contraction 
could  be    seen     on     the    esophageal    tracing    and    where 
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consequently  auricular  diastole  could  hardly  have  produced 
such  a  well-marked  wave  (Fig.  5).  Possibly  it  is  due  to  a 
drawing  down  of  the  segments  of  the  mitral  valve ;  for,  as  Roy 
and  Adami  have  shown,  the  papillary  muscles  do  not  begin 
to  shorten  until  some  time  after  the  beginning  of  ventricular 
systole.12 

After  the  completion  of  this  negative  wave  at  about  line 
III.,  the  esophageal  cardiogram  pursues  a  more  or  less  even 
course  until  the  end  of  systole  approaches,  when  there  is  a 
rise  followed  by  a  marked  fall  in  the  tracing,  best  seen  in  A. 
This  fall  is  also  very  pronounced  in  Erlanger's  tracings  over 
the  exposed  auricle  and  it  is  quite  certainly  due  to  the 
emptying  of  the  auricles  into  the  ventricles  immediately  after 
the  opening  of  the  auriculo-ventricular  valves  in  the  early 
part  of  diastole.  Line  IV.,  drawn  at  the  beginning  of  this 
fall,  may  be  taken,  therefore,  to  represent  the  opening  of  these 
valves.  Following  this  fall  there  is  a  more  or  less  gradual  rise 
to  the  level  preceding  line  I.,  and  so  the  cycle  is  completed. 

The  final  curve  i  on  our  scheme  shows  two  marked  falls, 
one  a  little  after  line  III.,  and  one  at  line  IV.  The  latter 
evidently  corresponds  to  the  opening  of  the  auriculo-ventri- 
cular valves.  We  do  not  feel  satisfied  as  to  the  cause  of  the 
former,  though  we  suspect  that  it  is  due  to  the  pulsation  of 
the  descending  aorta,  which  at  this  point  may  pull  away  from 
the  esophagus  and  so  cause  a  negative  wave. 

The  v  wave  on  the  jugular  pulse.  —  Even  on  cursory 
examination  of  Fig.  I,  one  is  struck  by  the  general  resem- 
blance that  exists  between  the  v  wave  on  the  venous  tracing 
and  the  final  undulations  at  line  IV.  on  the  lower  esophageal 
tracings  g,  A,  and  1.  The  main  difference  between  them  is 
one  of  time,  for  the  positive  wave  on  the  esophageal  cardio- 
gram precedes  the  v  in  the  jugular  wave  by  about  .10 
second.  We  believe  that  both  have  the  same  cause,  though 
originating  in  different  auricles,  and  that  the  difference  in  time 
is  due  to  the  slow  propagation  of  the  wave  from  its  point  of 
origin  to  the  veins  in  the  neck.  Two  main  facts  support  this 
view.     In  the  first  place,  we  have  determined  on  a  patient 
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with  tricuspid  insufficiency  the  rate  of  propagation  of  venous 
waves  by  comparing  tracings  taken  at  different  levels  of  the 
neck  and  found  this  rate  to  be  1.2  meters  per  second.  Assum- 
ing that  this  rate  holds  in  the  present  instance  and  that  the 
distance  from  the  auriculo-ventricular  junction  to  the  supra- 
clavicular fossa  is  twelve  centimeters,  then  the  theoretical 
time  lost  in  the  passage  of  the  wave  from  the  one  place  to 
the  other  would  be  .10  second,  which  agrees  almost  exactly 
with  the  difference  in  time  between  the  final  waves  in  the 
esophageal  cardiogram  h  and  the  v  wave  on  the  jugular 
pulse.  The  other  reason  for  believing  that  there  is  consider- 
able time  lost  in  the  passage  of  venous  waves  from  the 
auriculo-ventricular  junction  to  the  neck  is  seen  by  inspection 
of  Fig.  5.  This  was  taken  from  a  patient  with  mitral  and 
tricuspid  insufficiency.  The  entire  esophageal  tracing  prac- 
tically duplicates  the  jugular  tracing  except  that  the  latter 
follows  the  former  by  about  .13  second.  We  believe,  there- 
fore, that  the  v  wave  on  the  normal  jugular  pulse  corresponds 
to  the  final  elevation  on  the  esophageal  cardiogram  and  that 
the  explanation  for  the  one  is  the  explanation  for  the  other. 

Curiously  enough  the  time  taken  in  the  transmission  of 
this  wave  to  the  neck  seems  to  have  been  disregarded  by 
most  authors  and  Wenckebach,  for  example,  in  a  recent 
elaborate  discussion  of  the  subject,6  takes  no  cognizance  of 
this  fact.  He  is  thus  led  into  the  error  of  assuming  that  the 
v  wave  on  the  jugular  tracing  is  entirely  diastolic  in  origin 
and  that  it  does  not  begin  until  the  closure  of  the  semilunar 
valves.  When  a  wave  appears  earlier  than  that,  he  regards 
it  as  pathological  and  due  to  a  stasis  of  blood  in  the  auricle. 
In  the  present  instance  there  was  absolutely  no  reason  to 
believe  that  the  individual  from  whom  the  tracings  were 
taken  was  in  any  way  pathological.  In  Fig.  3  it  will  be  seen 
that  the  wave  begins  sharply  .10  to  .15  second  before  the 
opening  of  the  auriculo-ventricular  valves.  It  thus  precedes 
ventricular  relaxation,  for  Erlanger  estimates  that  the  entire 
relaxation,  which  continues  somewhat  after  the  opening  of 
the  valves,  lasts  only  about  .06  second.  From  this  as  well 
as  from   comparison  with  a    number  of  apex  tracings   (see 
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Fig.  I )  we  are  led  to  conclude  that  the  wave  begins  in  the 
lattermost  part  of  ventricular  systole.  Its  sharp  character 
and  the  fact  that  it  is  so  much  more  pronounced  low  down  in 
the  neighborhood  of  the  ventricle  lead  us  to  believe  that  it 
is  due  to  some  backward  and  upward  movement  of  the 
auriculo-ventricular  junction  at  the  end  of  systole.  Porter1 
has  shown  in  a  dog  that  there  is  a  sudden  increase  in  intra- 
auricular  pressure  at  the  end  of  ventricular  systole,  and  he 
attributes  this  in  part  to  an  upward  movement  of  the  mitral 
valves,  due,  as  Roy  and  Adami  have  shown,  to  the  earlier 
relaxation  of  the  papillary  muscles.11  This  final  wave  on 
the  esophageal  cardiogram  terminates,  as  we  have  seen, 
with  the  fall  produced  by  the  opening  of  the  valves  leading 
into  the  ventricles. 

Pathological  esophageal  cardiograms.  —  It  is  not  our 
purpose  to  attempt  a  full  discussion  of  the  pathological 
changes  in  the  esophageal  cardiogram.  Their  interpretation 
presents  very  considerable  difficulties,  and  we  have  several  for 
which  at  present  we  have  no  adequate  explanation.  A  num- 
ber of  pathological  changes,  however,  have  been  described. 
For  example,  Joachim,7  Rautenberg,8  and  Schreiber*  have 
shown  by  means  of  esophageal  cardiograms  that  in  Adams- 
Stokes*  disease  the  left  auricle  contracts  simultaneously 
with  the  right  and  independently  of  the  ventricles.  More 
recently  Minkowski5  has  published  esophageal  tracings  of 
extrasy stoles,  diminished  conductivity,  and  diminished  ven- 
tricular contractility,  though  it  appears  to  us  that  the  inter- 
pretation of  his  figures  is  not  beyond  question.  What  he 
publishes  as  a  tracing  from  a  case  of  mitral  stenosis  and 
insufficiency  agrees  in  its  main  features  so  closely  with  trac- 
ing e  of  Fie.  I  that  we  should  certainly  doubt  the  advisabil- 
ity  of  drawing  any  binding  conclusions  from  a  tracing  of  this 
character. 

In  Fig.  5  is  seen  the  esophageal,  jugular,  and  radial  trac- 
ings from  a  patient  with  mitral  and  tricuspid  incompetency 
in  a  stage  of  broken  compensation.  It  will  be  seen  that  the 
esophageal  cardiogram  coincides  with  the  jugular  tracing  in 
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most  of  its  details,  except  that  the  former  precedes  the  latter 
by  about  .13  second.  Neither  in  this  nor  in  any  other  of  a 
great  .number  of  tracings  from  this  patient  was  there  any 
graphic  evidence  of  left  auricular  contractions.  Apparently 
the  auricle  had  ceased  to  contract  owing  to  the  long-con- 
tinued overdistention.  We  have  thus  a  condition  analogous 
to  that  already  described  by  Mackenzie10  for  the  right 
auricle;  viz.,  a  paralysis  of  the  auricle  from  overdistention. 
The  pressure  within  the  left  auricle  rises  during  systole 
and  falls  on  the  opening  of  the  mitral  valve.  When  the 
ventricular  contractions  follow  one  another  very  rapidly, 
the  period  of  heart  pause  is  so  short  that  it  is  represented 
by  a  sharp  and  deep  negative  wave.  When  a  somewhat 
longer  period  intervenes  between  the  ventricular  contrac- 
tions, the  pressure  within  the  left  auricle  gradually  rises 
during  the  heart  pause  and  in  this  way  an  ill-defined  positive 
wave  of  stasis  is  produced. 

Mackenzie u  interprets  the  negative  wave  that  immedi- 
ately follows  the  first  systolic  elevation  in  a  venous  pulse, 
such  as  this,  as  due  to  the  diastole  of  the  auricle,  and  he 
argues  from  this  that  the  cardiac  rhythm  has  begun  at  the 
auriculo-ventricular  bundle  of  His  and  that  the  auricles  and 
ventricles  are  beating  simultaneously.  We  have  already 
seen,  however,  that  a  similar  negative  wave  is  present  on 
normal  esophageal  tracings  and  that  it  seems  to  be  produced 
by  some  movement  of  the  ventricle.  In  view  of  this  fact 
and  of  the  absence  of  an  auricular  contraction  wave  on  this 
tracing,  we  should  hesitate  to  accept  Mackenzie's  interpre- 
tation of  venous  pulses  of  this  character. 
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DESCRIPTION  OF   PLATE  XXI 

Fig.  1.  —  Schematic  arrangement  of  tracings  :  —  a,  ladial  pulse;  b,  apex 
beat;  c,  jugular  tracing;  d<,  esophageal  tracing  30  centimeters  from  teeth; 
*i34-5  centimeters;/",  35  centimeters;  g  and  £.37.5  centimeters;  /,  38.5 
centimeters  from  teeth.  Line  I.  Beginning  of  auricular  systole.  Line 
II.  Beginning  of  ventricular  systole.  Line  III.  Opening  of  semi-lunar 
valves.     Line  IV.     Opening  of  auriculo-ventricular  valves. 

Fig.  2.  — Esophageal  tracing  taken  34.5  centimeters  from  the  teeth,  cor- 
responding to  tracing  e  of  Fig.  x. 

Fig.  3.  —  Esophageal  tracing  taken  37.5  centimeters  from  the  teeth, 
corresponding  to  tracings  g  and  h  of  Fig    1. 

Fig.  4.  —  Simultaneous  tracings  from  the  jugular  vein  (above),  the 
esophagus  at  thirty-eight  centimeters  from  the  teeth  (middle),  and  the 
radial  (below). 

Fig.  5. — Tracings  from  a  case  of  mitral  and  tricuspid  insufficiency. 
The  upper  is  from  the  esophagus,  thirty-seven  centimeters  from  the  teeth, 
the  next  from  the  jugular  vein,  and  the  lower  the  radial  pulse. 
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STUDIES   IN   MAMMALIAN   TUBERCLE   BACILLI,    IV. 
BACILLI    RESEMBLING  THE   BOVINE  TYPE   FROM   FOUR   CASES 

IN   MAN.* 

Theobald  Smith,  M.D.,  and  Herbert  R.  Brown,  S.B. 

{From   the  Laboratory  of  Comparative  Pathology  >   Harvard  Medical   School, 

Boston.) 

The  literature  concerning  itself  with  the  interrelation  of 
bovine  and  human  tuberculosis  as  determined  by  a  study  of 
the  tubercle  bacilli  isolated  from  cases  of  disease  has  grown 
to  large  proportions.  Almost  all  observers  are  now  agreed 
that  there  exist  certain  differences  between  human  and 
bovine  bacilli.  They  are,  however,  not  agreed  upon  the 
interpretation  to  be  placed  upon  these  differences.  The 
time  is  not  yet  ripe  for  a  critical  review  of  the  various  inter- 
pretations. There  are  needed  a  larger  amount  of  statistical 
material  concerning  cultures  carefully  studied,  and  more 
investigations  upon  the  possible  modifications  of  bovine  and 
human  bacilli  in  other  host  species.  In  the  meantime,  the 
most  reasonable  attitude,  and  one  not  inimical  to  the  public 
health,  is  one  that  regards  all  bacilli  resembling  the  bovine 
type  which  are  found  in  man  as  bovine  in  origin  and  as 
legitimate  causes  of  the  tubercular  processes  found.  Atten- 
tion should,  however,  be  called  to  the  possibility  that  bovine 
bacilli  may  in  special  cases  be  secondary  invaders  —  a  possi- 
bility brought  forward  by  the  discovery  of  both  types  of 
bacilli  in  the  same  subject.1 

In  the  following  pages  we  are  simply  concerned  in  regis- 
tering the  results  of  studies  made  upon  various  cultures  of 
tubercle  bacilli  which  have  come  into  our  hands  since  1904. 
Of  these,  Nos.  XVII.,  XVIII.,  and  XIX.  were  isolated  by  Dr. 
James  Homer  Wright  and  kindly  presented  to  us.  No. 
XXI.  was  isolated  by  Dr.  John  J.  Mackenzie  and  sent  to  us 
for  a  more  detailed  examination.  The  others  were  isolated 
by  one  of  us  by  passage  through  guinea-pigs 

*  Received  for  publication  May  ao,  1907. 
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BRIEF  HISTORY  OF  THE  CASES  FROM  WHICH  THE  CULTURES 
WERE  ISOLATED,  TOGETHER  WITH  THE  BACTERIO- 
LOGICAL  DIAGNOSIS. 

Human  No.  XVII.  —  Isolated  1904  by  Dr.  Wright  from 
tonsils,  removed  by  Dr.  J.  L.  Goodale.  Growing  on  gly- 
cerine agar  when  received.  The  following  data  were  kindly 
furnished  by  Dr.  Goodale : 

14  Boy,  five  years  of  age,  seen  May  18,  1904,  for  cervical  adenitis  on 
the  right  side  of  several  months1  duration.  Fairly  well  developed  and 
nourished ;  color,  fair ;  cervical  glands  on  right  enlarged  to  size  of  lima 
bean.  Tonsils  apparently  normal ;  moderate  adenoid.  Adenoid  and  both 
tonsils  were  removed.  The  right  tonsil  on  incision  showed  macroscopi- 
cally  considerable  cheesy  material  in  the  center.  The  family  physician 
reported  on  September  fourteenth  of  the  same  year  that  the  throat  was 
clear  and  had  given  the  child  no  trouble.  The  glands  were  slightly 
smaller.    The  general  condition  of  the  child  remained  unchanged." 

Bacteriological  diagnosis :  Bovine  type  of  tubercle  bacillus. 

Human  No.  XVIII.  —  We  are  indebted  to  Dr.  J.  L. 
Goodale  for  the  following  history : 

14  Boy,  five  years  old.  Seen  April  23,  1904,  with  history  of  cervical 
adenitis  since  March  first.  General  condition  good.  Both  tonsils  moder- 
ately enlarged,  adherent  to  pillars.  Surface  smooth  showing  no  evidence, 
clinically,  of  tubercular  infiltration.  Both  tonsils  and  adenoid  were 
removed  and  sent  to  Dr.  Wright  June  9,  1904.  Animal  inoculated  with 
material  from  right  tonsil  shows  tuberculosis  of  lymph  nodes,  spleen,  and 
liver.  Other  pigs  inoculated  with  left  tonsil  and  adenoid  show  no  tuber- 
culosis. 

44  Boy  lived  in  excellent  environment  as  regards  food,  light  and  air." 

In  April,  1906,  Dr.  James  S.  Stone  sent  from  the  same  patient  scrapings 
from  an  abscess  in  the  neck,  of  glandular  origin.  One  guinea-pig  inocu- 
lated with  all  of  this  material  was  killed  ten  months  after  inoculation.  No 
lesions  were  found. 

In  December,  1906,  there  was  sent  by  Dr.  Stone  from  the  same  case 
some  caseous  material  from  a  cervical  abscess.  This  was  injected  entirely 
into  the  subcutis  and  abdomen  of  two  guinea-pigs.  These  were  chloro- 
formed after  two  months,  but  no  trace  of  tubercular  lesions  found. 

Bacteriological  diagnosis  :.  Bovine  type  of  tubercle  bacillus. 

Human  No.  XIX.  —  The  following  history  of  this  case  was 
kindly  furnished  by  Dr.  Goodale : 


MAMMALIAN   TUBERCLE   BACILLI.  437 

44  Girl,  two  years  old,  seen  in  consultation  Feb.  23,  1904.  For  three 
weeks  fever  every  evening,  100.5  to  1020  F.,  accompanied  by  gradual 
enlargement  of  glands  under  left  jaw.  During  previous  autumn  she  had 
milk  for  several  weeks  from  a  cow  said  to  be  afflicted  with  garget,  which 
was  later  killed  by  the  State  Board. 

**  Examination  :  Fairly  well  developed  and  nourished  ;  pale ;  several 
cervical  glands  on  left  enlarged  to  size  of  robin's  egg,  others  to  size  of 
pea.  Left  tonsil  shows  moderate  enlargement  with  marked  dilatation  of 
the  crypts,  the  tonsillar  tissue  between  the  crypts  being  irregularly  mam- 
millated  and  prominent  here  and  there  in  the  form  of  digitations.  There 
is  no  ulceration  of  the  surface,  which  is  covered  by  a  glistening,  trans- 
lucent mucous  membrane.  The  right  tonsil  is  smaller  and  apparently 
normal. 

44  Clinical  diagnosis:  Tuberculosis  of  left  tonsil  and  cervical  glands. 
Both  tonsils  and  considerable  adenoid  tissue  removed  and  sent  to  Dr. 
Wright.  After  operation,  temperature  continued  to  run  irregularly  above 
normal,  and  the  cervical  glands  were  removed  in  March  by  Dr.  Dane  " 

Through  the  kindness  of  Dr.  Dane  we  were  informed  that  the  child  was 
doing  well  in  April,  1907.  In  the  spring  of  1906  the  patient  had  an  even- 
ing temperature  of  ioo°-i02°,  and  one  gland  enlarged,  which  seemed  to 
vary  in  size.     There  has  been  no  evening  rise  in  temperature  since. 

Bacteriological  diagnosis :   Bovine  type  of  tubercle  bacillus. 

Human  No.  XX. — This  bacillus  was  isolated  in  1905 
from  the  urine  of  a  case  of  genito-urinary  tuberculosis. 

The  patient,  a  man  thirty  years  of  age,  in  intellectual  pur- 
suits, passed  urine  tinged  with  blood,  which  was  sent  to  one 
of  us  for  diagnosis.  As  tuberculosis  was  suspected,  the 
sample  of  urine,  containing  much  blood  and  pus,  was  cen- 
trifugalized  and  the  deposit  injected  into  guinea-pigs  which 
became  tuberculous  in  due  time  and  from  which  the  culture 
was  isolated. 

Two  years  later  (April,  1907)  we  learn  that  the  patient  is 
doing  well  in  a  Colorado  sanatorium.  % 

Bacteriological  diagnosis :   Human  type  of  tubercle  bacillus. 

Human  No.  XXI.  —  For  the  autopsy  notes  of  this  case 
and  the  culture  we  are  indebted  to  Dr.  John  J.  Mackenzie 
of  Montreal,  Canada. 

Patient  M.  S.  Male,  aged  twenty-one.  Both  lungs  show  extensive 
miliary  tuberculosis  ;  miliary  tubercles  small,  grayish.  Nowhere  in  either 
lung  was  there  a  trace  of  older  foci  or  of  scars.     Larynx  and  trachea  free 
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from  ulceration.  A  few  miliary  tubercles  at  the  bifurcation  of  the  bronchi. 
Bronchial  mucosa  congested,  no  ulceration.  Bronchial  glands  swollen* 
congested  and  show  scattered  tubercles,  but  in  only  one  small  gland  near 
the  hilus  of  the  left  lung  is  there  any  extensive  caseation. 

Liver,  spleen,  and  kidneys  all  show  extensive  miliary  tuberculosis. 

The  intestines  show  a  few  small  ulcers,  the  largest  about  a  centimeter 
in  diameter.  Most  of  them  quite  small  with  margins  thickened  and 
raised ;  an  occasional  tubercle  in  the  serous  coat. 

Mesenteric  glands  are  very  extensively  involved.  All  remarkably 
caseous,  and  those  at  the  root  of  the  mesentery  large  and  matted 
together.  The  thoracic  duct  is  normal  in  appearance  at  its  lower  part; 
at  the  junction  of  its  middle  and  upper  third  there  is  ulceration  and  the 
wall  is  caseous  and  attached  to  a  small  caseous  gland. 

Dr.  Mackenzie  kindly  sent  us  a  culture  on  glycerine  agar,  the  second 
transfer  obtained  through  a  guinea-pig  from  the  mesenteric  glands. 

Bacteriological  diagnosis :   Human  type  of  tubercle  bacillus. 

Human  No.  XXII.  —  This  case  is  that  of  a  boy  three 
years  old,  who  died  at  the  Children's  Hospital  in  Boston.  The 
autopsy  was  performed  by  Dr.  Charles  W.  Duval,  who  very 
kindly  abstracted  the  clinical  history  of  the  case  and  prepared 
slides  of  the  central  nervous  system  as  well  as  of  many  other 
organs  of  the  body  in  which  tubercles  might  have  been 
anticipated. 

Of  the  history  of  the  case  only  the  following  bear  directly 
upon  our  investigations : 

Father  and  mother  well.  No  consumption  in  family.  Child  breast-fed 
for  fifteen  months ;  not  sick  before. 

Present  illness:  Became  dull,  sleepy,  September  4th.  No  appetite. 
Became  constipated,  bowels  moved  only  by  irrigation  Child  remained 
in  this  condition  staying  up  around  house  till  six  days  ago,  when  he  went 
to  bed.  Vomited  that  night.  Five  days  ago  became  worse,  complained 
of  pain  in  abdomen.  Became  restless,  throwing  head  back  on  pillow. 
Head  has  never  been  retracted.  Has  been  getting  feverish,  especially  at 
night.  Three  day  ago  vomited  again.  Does  not  complain  of  headache, 
but  of  pain  in  abdomen.  Three  days  ago  eyes  became  crossed  and  have 
remained  so  ever  since.  Cries  a  good  deal,  especially  yesterday,  and  for 
past  five  days  has  been  cross  and  irritable.  Has  not  slept  much.  Urine 
red.  No  nose  bleed.  Conscious  all  the  time.  Has  been  in  bed  last  five 
days. 

Physical  examination:  Fairly  well  developed  and  nourished.  Looks 
sick  Dull  mentally,  but  conscious  Cannot  speak  plainly  but  makes 
wants  known.     Is  irritable  and  cries  out  occasionally.    Pupils  equal  and 
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regular,  dilated ;  convergent  strabismus.  Do  not  react  to  light.  Sees 
very  well  and  takes  notice.  No  discharge  from  ears,  eyes,  or  nose.  Lips 
red  and  cracked.  Teeth  covered  with  sordes  Tongue  coated.  Tonsils 
slightly  reddened  and  prominent. 

September  18.  Lumbar  puncture  in  third  space.  Six  drams  of  turbid 
fluid  with  fibrin  flakes  removed  under  considerable  pressure.  Fluid 
contains  many  leucocytes,  of  which  eighty-three  per  cent  are  mono- 
nuclear and  seventeen  per  cent  polymorphonuclear.  Child  showed  no 
change  after  removing  fluid.     White  blood  cells  21,400. 

September  22.  Convulsive  twitchings;  unconscious;  spasm  of  neck 
muscles ;  no  Kernig :  knee  jerks  feeble ;  no  Babinski ;  no  control  over 
sphincters  Child  grew  progressively  worse  and  death  occurred  Septem- 
ber 29. 

Temperature  on  admission  1020.  Pulse  no,  highest  point  during  illness 
140.     Respiration  30. 

Autopsy  fifteen  hours  post-mortem :  Peritoneum  smooth  and  glistening. 
Appendix  eight  centimeters  in  length  with  complete  mesentery.  Organ 
directed  inward  and  downward.  Diaphragm,  left,  fifth  space,  right,  fourth 
space.  Mesenteric  lymph  nodes  greatly  enlarged.  Many  are  the  size  of 
marbles  and  very  firm  in  consistence.     On  section  caseous.     .     .     . 

Left  adrenal  contains  three  pin-head  nodules  beneath  the  capsule  but 
not  attached  to  same.  Right  adrenal  contains  four  similar  nodules.  On 
section  these  nodules  are  quite  firm  and  of  a  yellowish  white  color.  Smear 
preparations  show  bacilli  having  the  morphology  and  staining  reaction  of 
B.  tuberculosis.  .     . 

Brain:  Weight  not  taken.  At  the  junction  of  the  temporo-sphenoidal 
and  frontal  lobes  in  the  region  of  the  island  of  Reil  there  are  a  number  of 
small  flattened  nodules  the  size  of  a  pin  head  and  smaller.  These  on  sec- 
tion appear  fatty.  There  is  also  in  this  region  situated  on  the  inferior 
surface  of  the  temporo-sphenoidal  lobe  a  cyst  of  the  pia-arachnoid  2x1 
centimeter  containing  clear  yellow  fluid  which  causes  a  slight  depression 
of.  the  underlying  cerebral  tissue  In  general  the  convolutions  are  flat- 
tened Sulci  shallow,  but  the  whole  cerebral  mass  bulges,  making  the 
membranes  appear  tense.  Considerable  subpial  edema.  Cortex  fairly 
soft  in  consistence.  Lateral  ventricles  contain  considerable  clear  fluid. 
Midbrain,  pons,  medulla,  and  basal  ganglia  negative.     .     . 

Careful  search  of  the  meninges  fails  to  reveal  miliary  tubercles  aside 
from  those  described. 

Dura  of  spinal  cord  injected.  On  opening,  the  subdural  space  contains 
considerable  serofibrinous  exudate  which  is  most  marked  along  the  cer- 
vical enlargement.     The  cord  appears  normal. 

Anatomical  diagnoses :  Tubercular  mesenteric  lymph  nodes ;  tubercular 
nodes  in  the  adrenals ;  cyst  of  pia  arachnoid ;  tubercular  meningitis 
(cerebral  and  spinal) . 

Bacteriological  diagnosis:  Bovine  type  of  tubercle 
bacillus. 


44^  SMITH   AXD   BROWX. 

In  addition  to  these  cultures  there  were  examined,  party 
a?  controls,  the  bac:"l  from  two  cases  of  pulmonary  tuber- 
culosis in  man. 

Human  Xo.  XXIIL  —  April.  !>d6.  Case  of  carcinoma  of 
the  breast  removed  four  years  before  death.  At  the  autopsy 
metastases  were  found  in  lun^s.  liver,  and  gall-bladder, 
adrenal,  peritoneum  and  mesenteric  lymph  nodes.  In  addi- 
tion there  were  multiple  tubercular  cavities  in  the  lungs 
and  areas  of  tubercular  pneumonia  ( Autopsy,  1906,  No.  71 
of  Boston  City  Hospital,  through  Dr.  Malloryj. 

The  culture  was  isolated  from  guinea-pigs  inoculated  with 
suspension  of  lung  tissue,  and  found  to  belong  to  the  human 
type  of  the  tubercle  bacillus. 

Human  XXIV.  —  Autopsy,  1906,  No.  86  of  Boston  City 
Hospital.  For  the  following  brief  abstract  I  am  indebted  to 
Dr.  Mallory: 

White,  male,  age  sixty-one  years:  poorly  nourished.  Short  of  breath 
for  three  months ;  loss  of  weight :  no  cough.  Alternating  diarrhea  and 
constipation. 

Clinical  diagnoses:  Pulmonary  tuberculosis:  tuberculous  peritonitis 
and  enteritis 

Anatomical  diagnoses:  General  peritonitis  (streptococcus  pyog.): 
tuberculous  ulcers  of  intestines  with  rupture :  tuberculosis  of  lungs  with 
cavity  formation;  caseous  pneumonia;  chronic  mitral  endocarditis;  cysts 
of  kidnev  :  renal  calculus. 

Lungs :  Upper  right  lobe  contains  numerous  solidified  patches  which 
on  section  show  as  hard,  yellow,  firm  areas;  and  in  part  as  softened 
purulent  areas.  A  few  whitish  areas  in  the  lower  lobe.  In  left  upper 
lobe  cavity  at  apex  8x9  centimeters,  full  of  yellowish-gray,  soft  material. 
The  rest  of  the  lobe  is  hard  and  filled  with  small  nodules.  Lower  lobe 
contains  a  few  hard  masses,  largest  6x3x2  centimeters.  On  section  they 
appear  gray  and  dense,  showing  indistinctly  lobular  markings. 

Gastro-intestinal  tract:  There  are  fifty-one  well  defined  ulcers  in  the 
small  intestine  and  thirty-six  in  the  large  intestine.  These  ulcers  are 
from  1x1  centimeter  to  1.5x3  centimeters  in  diameter.  They  are 
usually  ovoid  in  form  and  lie  transverse  to  long  diameter  of  intestine. 
They  are  punched  out  in  character  with  indurated  edges.  On  the  peri- 
toneal surface  of  some  of  these  ulcers  are  a  few  scattered  white  nodules. 
Perforation  lies  thirty  centimeters  from  duodenum ;  opening  two  centi- 
meters in  diameter. 
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This  culture  was  obtained  from  guinea-pigs  inoculated 
with  suspensions  of  lung  tissue  and  found  to  belong  to  the 
human  type  of  tubercle  bacillus. 

To  complete  the  list  it  should  be  mentioned  that  a  fresh 
culture  of  bovine  and  one  of  swine  bacilli  (Bovine  IX.  and 
Swine  II.)  were  isolated  for  controls.  The  growth  of  the 
swine  culture  was,  however,  so  feeble  that  the  reaction  curve 
in  glycerine  bouillon  could  not  be  obtained  before  complet- 
ing this  manuscript. 

Morphology  and  biology  of   cultures  ■  studied.  — 

The  methods  pursued  in  studying  these  cultures  compara- 
tively do  not  differ  from  those  described  in  certain  former 
articles,2  excepting  in  regard  to  the  culture  media  employed. 
The  difficulty  of  obtaining  dog's  serum,  with  which  one  of  us 
has  had  such  uniform  success^  led  to  the  use  of  egg-media 
followed  by  glycerine  agar.  The  serum  of  calves  fed  on 
milk  was  also  tried,  but  without  much  success.  The  blood 
was  drawn  aseptically  from  the  jugular  vein  and  set  without 
repeated  heatings,  as  is  customary  when  blood  is  not  obtained 
free  from  contamination.  The  success  which  others,  notably 
Koch  and  his  followers,  have  had  with  beef  serum  may  per- 
haps be  due  to  the  repeated  heatings  required  to  sterilize  the 
serum. 

As  a  result  of  this  change  in  the  culture  media,  the  study 
of  the  morphology  of  the  cultures  became  unsatisfactory 
owing  to  the  presence  of  involution  forms  on  the  glycerine 
agar. 

As  noted  heretofore,  the  multiplication  of  the  human  type 
of  bacillus  on  the  culture  media  was  much  richer  from  the 
start  than  that  of  the  bovine  type.  Human  XXII.,  a  bovine 
type,  grew  very  feebly  for  a  number  of  transfers,  and  was 
finally  lost  before  its  growth  was  sufficiently  vigorous  to  per- 
mit further  study  in  glycerine  bouillon.  With  the  human 
type  (Nos.  XX.,  XXL,  XXIII.,  and  XXIV.)  there  was  no 
difficulty  in  obtaining  prompt  vigorous  growth  on  the  media 
employed,  even  in  the  first  transfers.  The  reaction  curve  of 
the  various  cultures  in  glycerine  bouillon8  agreed  with  the 
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animal  tests,  enabling  us  to  make,  as  heretofore,  a  clear  and 
sharp  distinction-between  the  bacilli  of  bovine  and  of  human 
origin.  It  will  be  seen  from  the  parallel  cultures  in  glycer- 
ine bouillon  in  the  following  table  (Table  I.)  that  the  culture 
fluid  of  the  human  type  tends  at  first  towards  an  alkaline, 
then  towards  a  more  acid  condition,  while  the  bovine  type 
tends  toward  the  alkaline  reaction,  and  the  culture  fluid 
either  remains  alkaline  or  else  becomes  feebly  acid,  accord- 
ing to  the  bouillon  used. 
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44^  SMITH   AND   BROWN. 

This  table  illustrates  and  extends  the  results  reported  by 
one  of  us  in  former  papers.     These  are : 

1.  It  is  always  desirable  to  include  in  the  tests  older 
cultures  which  have  been  previously  tried,  since  different 
lots  of  bouillon  are  not  always  acted  upon  alike  by  the  same 
culture. 

2.  The  human  type  of  the  tubercle  bacillus  may  be 
separated  into  two  groups,  one  producing  twice  as  much 
acid  as  the  other.  Thus,  human  Nos.  XX.  and  XXIV.  pro- 
duce, roughly  speaking,  twice  as  much  acid  as  Nos.  XXI. 
and  XXIII.  Human  No.  XII.,  an  older  culture  described  to 
an  earlier  paper,  and  here  included  as  a  control,  has  always 
produced  a  maximum  amount  of  acid. 

Attention  is  here  called  to  a  slight  aberrant  reaction  of  the 
fresh  bovine  culture  IX.,  due  probably  to  the  age  of  the 
bouillon  used,  as  shown  by  the  dates  in  the  table.  Owing  to 
the  relatively  slow  growth  of  this  culture,  other  tests  could 
not  be  prepared  in  time. 

As  tubercle  cultures  are  usuallv  dead  after  three  months, 
it  is  not  desirable  to  continue  the  reaction  tests  after  that 
time.* 

Tests    of    pathogenic    power  upon  animals. — The 

cultures  herein  described  were  tested  upon  guinea-pigs  and 
rabbits.     Several  were  also  inoculated  into  calves. 

The  different  effects  upon  guinea-pigs  of  the  bovine  and 
the  human  type  are  not  sufficiently  pronounced  to  justify 
reproduction  of  the  tests  even  in  tabular  form.  The  rabbit, 
however,  serves  a  most  useful  purpose  in  that  this  animal 
seems  to  be  specifically  susceptible  to  the  bovine  type.*  In 
the  following  table  (Table  II.)  the  distinctions  made  by 
means  of  glycerine  bouillon  cultures  are  upheld  and  con- 
firmed by  the  tests  upon  rabbits.  We  need  simply  call 
attention  to  the  control  tests  made  with  an  older  bovine 
bacillus  ^  VIII. )  under  cultivation  for  more  than  six  years,  a 
bovine    type   isolated   from    a    child    (human    XI.)*    under 


•  In  a  pvA-sstoiLrg  >:u-j  c:  :::s  s_;  ejt.  O.  Bat.*;.  *:"-  -*":3g  *b«  method  of  one  of  ns, 
rjL5  cv-rrrrr-.evi  our  rr>..  rs  jl^c  has  >ic»-  zzjz  atuz  "racil-  Are  to  be  grouped  with  the 
bov-_r.r  :*r*  as  rr^JLris  :he;r  itac^.:::  -rurve,    OrtTiTbC  t  Bjctrxioiogic.  Erste  Abtb-, 
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cultivation  for  three  and  one-half  years,  and  the  two  fresh 
cultures  from  cattle  and  swine  to  impress  the  reader  with  the 
specific  virulence  of  the  bovine  type  for  rabbits  as  contrasted 
with  that  of  relatively  fresh  cultures  (human  XX.,  XXL, 
XXIII.,  and  XXIV.)  of  the  human  type. 

The  culture  medium  on  which  the  material  to  be  injected 
was  grown,  consisted  of  a  five  per  cent  glycerine  agar, 
excepting  where  serum  is  mentioned  in  the  table.  The  dose 
injected  was  as  heretofore  a  given  quantity  of  a  suspension 
of  bacilli  in  salt  solution  equivalent  in  density  to  a  twenty- 
four-hour  bouillon  culture  of  typhoid  bacilli.  The  standard 
dose  used  is  .5  cubic  centimeter.  The  injection  was  in  all 
cases  into  an  ear-vein. 
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The  two  human  cultures  (Nos.  XXIII.  and  XXIV.)  were 
also  injected  into  the  jugular  vein  of  six  calves  in,  doses  of 
one  to  five  centigrams  without  producing  more  than  a  tran- 
sient rise  in  temperature  lasting  three  to  eight  days,  whereas 
one  centigram  of  culture  bovine  I.  (over  twelve  and  one-half 
years  under  cultivation)  was  fatal  to  a  large,  vigorous  calf  in 
five  weeks,  and  one  centigram  of  culture  bovine  IX.  was  fatal 
to  another  calf  in  eighteen  days.  These  tests  upon  calves 
were  made  as  part  of  another  experiment,  and  are  merely 
mentioned  here  to  emphasize  the  different  behavior  of  the 
human  and  the  bovine  type  in  cattle. 

SUMMARY. 

Among  the  foregoing  selected  set  of  cultures,  of  which 
three  were  isolated  from  tonsils,  two  from  mesenteric  lymph 
nodes,  one  from  a  case  of  genito-urinary  tuberculosis,  and 
two  from  the  pulmonary  form  of  the  disease,  we  find  the 
three  tonsil  cultures  and  one  of  the  two  cultures  from  the 
mesenteric  nodes  responding  to  the  test  for  the  bovine  type. 
The  rest  belong  to  the  strictly  human  type.  Of  the  seven 
cultures  isolated  by  one  of  us  thus  far  from  as  many  cases  of 
presumably  primary  intestinal  infection  in  man,  two  are  thus 
of  the  bovine  type. 

A  summary  and  critical  analysis  of  all  the  cases  of  bovine 
tuberculosis  thus  far  demonstrated  to  have  been  found  in 
man  will  be  given  in  a  subsequent  paper.  In  the  meantime, 
the  work  of  isolating  and  studying  the  bacilli  of  primary 
disease  of  the  cervical  and  mesenteric  lymph  nodes  is  being 
continued  by  Dr.  P.  A.  Lewis  in  this  laboratory.  We  hope 
that  others  may  be  induced  to  utilize  similar  material  which 
may  fall  into  their  hands,  since  the  material  appears  to  be 
neither  abundant  nor  easily  procured,  and  the  worl$  of 
isolation  and  identification  cannot  be  hurried. 
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CALCIUM  METABOLISM  IN  A  CASE  OF  MYOSITIS  OSSIFICANS.* 

A.  E.  Austin,  M.D. 

(From  the  Medical  Chemistry  Laboratory  of  Tufts  College  and  the  Corey  Hill 

Hospital.) 

The  results  of  investigations  on  calcium  metabolism  have 
been  more  unsatisfactory  than  those  of  any  other  mineral, 
with  the  exception  of  iron ;  the  reason  for  this  is  that  in 
earlier  experiments  only  the  lime  of  the  urine  was  deter- 
mined, that  being  regarded  as  a  measure  of  its  absorption, 
while  the  feces  calcium  was  considered  the  portion  unob- 
sorbed  together  with  a  minute  portion  eliminated  by  the 
intestine,  but  which  collectively  always  bore  a  definite  ratio  to 
the  urine  lime.  No  better  criticism  of  this  view  has  been 
offered  than  that  by  V.  Noorden1  more  than  ten  years  ago, 
which  is,  in  substance,  as  follows :  "  We  cannot  fail  to  regard 
this  view  (the  constant  relation  of  feces  lime  to  urine  lime) 
as  having  only  the  worth  of  an  hypothesis ;  and  therefore  all 
conclusions  based  upon  the  calcium  oxide  estimation  in  the 
urine  alone  with  reference  to  its  absorption,  retention,  and 
loss  are  only  hypotheses."  It  is  only  in  recent  years  that 
more  accurate  estimations  of  lime  have  given  such  results 
any  value.  In  view  of  these  facts  it  would  be  well,  I  think, 
to  give  briefly  the  latest  results  in  regard  to  the  calcium 
metabolism  of  normal  individuals  which  is  taken  from  Albu 
und  Neuberg.2 

This  element  is  taken  into  the  food  either  in  its  organic 
form  (milk,  yolk  of  egg,  and  cereals)  or  as  an  inorganic  salt 
(carbonate,  sulphate,  and  phosphate).  In  the  latter  form  it 
is  found  in  ordinary  drinking  water  or  in  mineral  waters. 
Both  forms  are  absorbable,  though  perhaps  not  with  equal 
readiness.  The  degree  of  absorption  depends  on  what  other 
salts  are  taken  with  this;  for  instance,  sodium  chloride 
increases  its  absorption,  while  alkalis  retard  it.  As  regards 
the  amount  of  lime  required  daily  in  our  food,  there  is  much 


*  Received  for  publication  May  ao,  1907. 
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confusion.  Renvall  *  was  able  to  maintain  a  calcium  equilib- 
rium with  only  .6>S— .$60  gram  of  calcium  daily  in  his  food, 
but  this  must  be  a  minimum,  and  it  is  better  to  regard  1 — 1.5 
grams  calcium  oxide  as  the  dailv  need  of  everv  healthy  adult 
Any  amount  less  than  this  must  be  regarded  as  insufficient. 

The  enormous  variations  in  the  relations  of  the  lime  in 
the  urine  to  that  in  the  feces,  as  well  as  that  in  the  urine  to 
the  total  absorbed  and  eliminated,  must  be  due  to  die 
influence  of  the  amount  in  food,  as  well  as  its  character, 
upon  its  metabolism.  Five  to  ten  per  cent  of  the  calcium 
which  is  taken  in  the  food  is  eliminated  in  the  urine,  all  the 
rest,  whether  unabsorbed  or  absorbed  and  then  eliminated  by 
the  intestine,  is  found  in  the  feces.  The  amount  of  calciam 
oxide  in  the  urine,  which  of  course  depends  very  largely  on 
the  character  of  the  food,  varies  from  .15  to  -5  gram.  The 
quantitative  relation  of  urine  lime  to  feces  lime  undergoes 
great  variations  in  health  and  especially  so  in  disease;  in 
healthv  adults  it  was  f?und  bv  Renvall  to  ran^e  from  2;: 75 
to  ^4:5?  with  an  average  of  44.5  to  54.5.  A  porti-n  of  the 
feces  lime  has  been  t?~~d  to  come  from  the  intestinal  secre- 
ti:ns.  and  it  has  been  demonstrated  by  Yo it*  that  in  dogs 
lime  mav  be  absorbed  bv  the  small  intestine  and  eliminated 
by  the  lar^e. 

We  have  but  a  limited  control  over  the  elimination  of 
calcium  bv  the  kiisevs.  still  something  can  be  accomplished; 
for  instance.  Van  Xc-rrien  was  able  to  increase  the  urine 
lime    bv  increased    invest:  :n    0*    crater,    ani    Hammarsten s 

..-.'w.  «-  »&^.w  «* wr        ^-.t  .  i  1  -,,       ..iw  «  ..  .  k*    •  ._«_  •.         w  _  t         •_  .        •-.  *    «—-»  N^»-  «-*.«  ..'  k.  ~S.        m^aMMm 

R*»»  ..    .  -  •     .  »  v  -  .  .. 

*  -»    •-»  "*•"•»  ^  c^    -  —  •    ^*'^n  '  —  -  »-  -  m       -  «•"    .-■$*--    -«"■"!     »•*     -»■»  i*+    ~*  **"V   *T«*f  f  gift 

This    increased  elim  rt2t::n  wj.s  also   shown  by  G.  Hoppe- 
5evlerr  to  be  rrciuced  bv  boil'v  rest.      Food,  roor  in  lime 


sa.t5.  -is  a.s:  sr. :*n  to  r-:occe  trte  same  enecc  on 

«."—    ^  . -.  •.".  j»    ».  ..^,».     v"*j--^    •»  —  4    ^-^*  •*-  ?  «  — •»    •*"•-<   fie**  vis   srill 

ca'c!-m     merabcl.sm     in    i  sease    are    of    very   little    W1 
because,  as  sti:ei  above,  the  eximiniti.n  of  the  feces 
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Goldthwaite,  Painter,  Osgood  and  McCrudden,8  however, 
in  a  very  carefully  conducted  series  of  investigations  in  the 
metabolism  of  calcium  in  osteomalacia^  in  which  previous 
errors  were  avoided,  demonstrated  that  in  this  disease  there 
is  a  constant  loss  of  lime.  For  instance,  with  the  ingestion 
of  4.56  grams  of  calcium  oxide  there  was  an  elimination  of 
3.85  grams  pf  that  substance  in  the  urine  and  1.8  gram  in 
the  feces,  thus  showing  a  deficit  of  1.10  gram.  In  one  other 
disease,  pernicious  anemia,  the  calcium  metabolism  has  been 
carefully  studied  by  V.  Moraczewski 9  with  these  pre- 
cautions, viz. :  determination  of  lime  in  the  food  ingested 
and  in  the  urine  and  feces,  in  which  an  absolute  loss  of  lime 
was  found.  A.  Ott10  has  also,  in 'a  manner  corresponding 
fully  with  these  conditions,  established  that  if  the  patient  is 
fully  nourished,  phthisis  is  not  associated  with  any  loss  of 
lime ;  when,  however,  albuminous  material  begins  to  break 
down,  the  elimination  exceeds  the  intake,  but  this  is  due  to 
inanition  and  not  to  the  disease.  In  this  connection  it  must 
be  mentioned  that  insufficient  nourishment  is  invariably 
associated  with  increased  elimination  of  calcium,  so  that  a 
deficit  results.  This  can  be  accounted  for  only  by  the 
assumption  that  the  bones  are  broken  down  to  a  certain 
extent,  thereby  setting  their  calcium  free.  This  assumption 
has  been  fully  substantiated  by  Forster  u  in  dogs,  and  by  J. 
Munk  12  in  human  beings.  In  diabetes,  also,11  we  come  upon 
a  much  larger  outgo  than  intake  of  lime,  which  may  also 
be  attributed  to  the  loss  of  bone  substance,  since  it  was 
accompanied  by  a  loss  of  phosphoric  acid  much  larger  than 
could  be  accounted  for  by  loss  of  flesh  alone,  as  shown  by 
the  nitrogen  loss.  As  to  the  possible  accumulation  of  lime 
in  the  animal  body,  little  is  known ;  in  arteriosclerosis,  of 
course,  lime  is  stored  in  the  arteries,  but  the  metabolism  of 
this  process  was  not  fully  demonstrated  until  Rumpf,  by 
methods  absolutely  beyond  criticism,  showed  the  deficient 
elimination  of  this  substance  in  such  diseases ;  however,  the 
mere  retention  is  only  a  coincidence  of  arteriosclerosis,  for 
Herxheimer 13  was  able  to  produce  a  retention  of  sixteen 
grams  calcium  okide  in  eight  days,  while  Renvall 8  retained 
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two  and  eight-tenths  grams  of  the  same  oxide  in  thirty-two 
days;  this  was  apparently  stored  in  the  bones  as  calcium 
carbonate.  As  neither  of  these  individuals  suffered  any 
discomfort  from  these  increased  amounts  of  lime,  it  is  fair  to 
suppose  that  any  abnormalities  are  not  due  to  the  increased 
amount  of  lime  but  the  locality  in  which  it  is  stored.  The 
individual  on  whose  metabolism  of  lime  these  estimations 
were  based  had  been  a  victim  for  many  years  of  myositis 
ossificans.  On  account  of  the  peculiar  nature  of  the  com- 
plaint, it  was  surmised  that  the  disease  was  associated  with 
deposits  of  lime  salts  in  the  muscles,  and  hence  might  be 
accompanied  by  retention  of  lime.  The  patient  was  placed 
in  the  hospital,  given  the  ordinary  hospital  diet  consisting  of 
meat,  fruit,  bread,  vegetables,  milk,  and  coffee  with  cream, 
but  all  was  measured  or  weighed  and  an  equal  amount  of 
every  article  set  aside  for  analysis.  He  was  allowed  to  eat  as 
much  as  he  chose.  For  analysis,  all  food  was  dried  on  a 
steam  bath  with  the  addition  of  alcohol  until  the  weight 
remained  practically  constant,  finally  divided  with  an  Empire 
meat-cutter,  and  two  portions  taken  from  different  portions 
of  the  mass  for  analysis.  The  results  given  are  the  average 
of  two  closely  corresponding  analyses.  The  fluids  taken  were 
well  mixed,  weighed,  and  two  portions  weighed  out  for 
analysis.  The  urine  was  passed  before  breakfast  on  each 
day  at  the  same  hour,  and  collected  from  that  time  until  the 
following  day  at  the  same  time,  again,  of  course,  before 
breakfast.  The  feces  were  limited  by  a  charcoal  powder 
taken  with  each  meal  during  the  period  of  investigation.  No 
laxatives  were  used.  The  calcium  in  the  urine  was  deter- 
mined by  the  method  given  in  Hoppe-Seyler's  Handbuch 
(page  420).  The  feces  were  dried  with  alcohol,  and  two 
portions  taken  for  analysis ;  the  average  of  which  was  used 
in  the  appended  table : 


First  period, 
Nov.  28  ... 


Daily. 

Daily. 

Daily. 

Daily. 

Daily. 

Daily. 

Ca.  O.  in 

food, 

.SSog. 

• 

Ca.  O.  in 

fluids, 

Total 
intake, 
1.246^. 

Ca.  O.  in 

urine, 

•47a  £• 

Ca.  Q.  in 
feces, 

•787  S- 

Total 
output, 

i-*57E- 

Daily. 


Balance, 
—  .01 1 . 
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Another  point  which  attracts  our  attention  is  that  an 
individual,  choosing  the  amount  of  his  food  freely,  selected 
that  which  contained  a  little  over  one  gram  of  calcium.  We 
also  note  the  much  larger  amount  of  the  lime  taken  which 
appears  in  the  urine ;  instead  of  the  usual  five  to  ten  per  cent 
we  have  from  37.8  per  cent  to  42.7  per  cent.  The  ratio  of 
urine  lime  to  feces  lime  varies  so  that  no  effort  was  made  to 
calculate  this  factor.  During  the  third  period  of  seven  days 
an  effort  was  made  to  restrict  the  intake  of  lime  as  much  as 
possible  by  choosing  such  foods  as  are  poor  in  this  sub- 
stance. There  were  taken  roast  beef  with  .029  per  cent 
calcium  oxide  based,  as  are  all  others,  upon  the  weight  of 
the  substance  dried  at  1200  C. ;  white  bread  with  .046  per 
cent;  grapes  with  .06  per  cent;  butter  with  .04  per  cent; 
oranges  with  .57  per  cent  (given  inadvertently)  ;  chicken 
with  .039  per  cent  (my  own  estimation),  and  spring  water 
with  .0032  per  cent  of  total  volume.  The  urine  was  collected 
daily  and  all  united  for  the  total  period,  of  which  two  estima- 
tions of  the  calcium  oxide  were  made  and  the  average  taken. 
Feces  were  limited  by  charcoal,  the  total  dried  with  alcohol 
and  two  estimations  0/  this  also  made,  and  the  total  calcu- 
lated from  the  average.  Owing  to  a  misapprehension  on  the 
part  of  the  nurse,  the  different  foods,  after  being  weighed, 
were  all  placed  in  the  same  receptacle,  so  that  instead  of 
determining  the  water  and  calculating  the  lime,  it  was  neces- 
sary to  dry  the  whole  mass  with  alcohol,  weigh,  cut  finely 
with  an  Empire  meat-cutter,  mix  well,  and  take  two  portions 
of  which  the  calcium  oxide  was  determined,  and  from  the 
average  the  whole  content  determined.  The  lime  of  the 
water  was  determined  from  the  estimation  of  its  hardness, 
after  deduction  of  the  magnesium,  and  for  this  determination 
I  am  indebted  to  Dr.  F.  S.  Hollis.  Arranged  in  tabular 
form,  we  have  the  following: 


Second  period, 
Dec.  aS... 

Daily  average... 

Total 

Ca.  O.  in 

food, 

3-9*5  «• 
.560  g. 

Total 

Ca.  O.  in 

water, 

.090  g. 

.01 3 -g. 

Total 
Intake, 

4-o»5  «• 
•57*  8- 

Total 

Ca.O.  in 

urine, 

3.981  g. 

■4*5  g- 

Total 
Ca.  O.in 

feces, 
3-»05  g. 

•473  &• 

Total 
output, 
6.086  g. 

.899  g- 

Balance, 
—  a-07i  g 

—.3*78:. 
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Again  we  see  that  the  metabolism  follows  the  physiologi- 
cal law  that  when  the  calcium  is  very  much  restricted  there 
is  an  elimination  exceeding  the  ingestion ;  the  elimination, 
as  can  be  seen,  is  much  less  than  on  a  full  calcium  food  diet 
(1.257  grams;  .890  gram),  but  still  there  is  an  impoverish- 
ment of  the  body  in  lime. 

Sal.  Goitein  u  calls  attention  to  the  fact  that  with  a  diet 
poor  in  lime  the  elimination  of  this  substance  is  reduced,  but 
still  not  in  proportion  to  the  limited  intake,  so  that  there 
results  the  same  reduction  of  the  body  lime  which  is  noticed 
here.  At  times  it  was  noticed  by  this  author  that  more  lime 
was  eliminated  by  the  intestine  alone  than  was  taken,  while 
the  urine  lime  never  exceeded  one  to  fifteen  per  cent  of  the 
total.  In  our  case  the  urine  lime  nearly  equals  the  feces 
lime  (.425;  .473  gram),  while  the  former  amounts  to  74.1 
per  cent  of  the  total  ingested. 

Renvall3  calls  attention  to  this  excessive  elimination  of 
lime  in  the  urine,  so  that  while  peculiar  it  may  not  be  abnor- 
mal, for  his  subject,  a  healthy  individual  of  twenty-two  years 
of  age,  in  a  period  of  fifteen  days  eliminated  in  the  urine 
.548  gram  daily  and  in  the  feces  .328  gram,  so  that  of  the 
total  lime  62.5  per  cent  was  found  in  the  urine.  In  my  own 
investigations  only  47.2  per  cent  was  found  in  the  urine. 
Renvall  does  not  give  the  total  calcium  ingested,  so  that  a 
comparison  with  this  is  impossible. 

Since  my  work  was  completed  an  extremely  interesting 
research  on  calcium  metabolism  by  Thayer  and  Hazen15  has 
appeared.  This  investigation  was  made  upon  a  typhoid  fever 
patient  who  had  received  one  hundred  and  twenty-five  grams 
of  calcium  lactate  by  mouth  and  five  grams  calcium  chloride 
by  injection  to  check  hemorrhages.  Following  this  there 
was  an  abscess  of  the  breast  which,  when  dressed  with  iodo- 
form gauze,  began  to  deposit  lime  in  the  granulation  tissue 
and  in  various  nodules  in  the  breast.  Forty  days  after  the 
calcium  medication  ceased,  the  experiments  in  metabolism 
began.  It  was  found  that  on  a  milk  and  egg  diet  in  three 
days  there  was  a  retention  of  lime  amounting  to  1.346  grams; 
that  in  twenty-one  days  on  a  carbohydrate  free  diet  there  was 
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an  excess  in  output  over  intake  of  3.672  grams,  or  .174  daily, 
while  in  the  following  ten  days  on  a  ward  diet  there  was  a 
retention  of  .602  gram.  The  marked  elimination  and  dis- 
appearance of  lime  from  the  wound  and  nodules  was 
synchronous. 

These  authors  lay  great  stress  upon  the  carbohydrate  free 
diet,  but  it  is  very  noticeable  that  during  this  period  the 
intake  of  calcium  was  markedly  diminished  (1 . 1 71  grams, 
mixed  diet,  to  .387  gram  and  .625  gram,  carbohydrate  free 
diet)  and  the  less  the  intake  the  greater  the  excess  of  outgo 
over  intake,  so  that  their  results  approximate  my  own  fairly 
closely  in  which  a  calcium  poor  diet  was  sought.  Another 
point  of  similarity  between  their  case  and  mine  is  the  rapid 
increase  of  the  urine  lime  during  a  carbohydrate  free  diet 
or,  as  I  choose  to  call  it,  a  calcium  poor  diet,  in  their  case 
from  11.34  per  cent  to  40.4  per  cent  and  in  my  case  from 
37.5  per  cent  to  47.2  per  cent. 

The  case  which  was  the  subject  of  my  study  seems  to  offer 
a  perfectly  normal  metabolism,  which  consists  in  a  calcium 
equilibrium  on  a  mixed  diet  of  sufficient  amount,  a  loss  on 
an  insufficient  amount  of  a  mixed  diet,  and  a  loss  on  an 
ample  diet  of  foods  poor  in  calcium.  As  grapes,  oranges,  and 
bread  appeared  in  this  diet,  a  lack  of  carbohydrates  could 
have  had  nothing  to  do  with  the  loss  of  lime  in  the  body. 

[In  conclusion  I  wish  to  express  my  greatest  appreciation  of  the  kind- 
ness of  Dr.  Chas.  F.  Painter  in  placing  this  patient  at  my  disposal  for  this 
investigation.] 
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FAT  EMBOLISM:    REPORT  OF  A   CASE  AND   OF    EXPERIMENTS 

ON   ANIMALS.* 

G.  S.  Graham,  M.D. 
{Instructor  in  Pathology,  Dartmouth  Medical  School.) 

{From  the  Pathological  Laboratories  of  the  Boston  City  Hospital  and  of  the  Dartmouth 

Medical  School.) 

The  presence  of  fluid  fat  within  the  blood  stream,  first 
made  a  subject  of  observation  by  Magendie,  has  gradually 
come  to  be  recognized  as  a  serious  pathological  condition. 
While  neither  Magendie  nor  his  immediate  followers  sus- 
pected the  possible  occurrence  of  the  condition  in  man,  they 
carefully  recorded  the  symptoms  following  its  artificial  pro- 
duction in  animals,  and  so  paved  the  way  for  its  later  recog- 
nition as  a  pathological  entity.  Consequently,  when  Zenker 
published  a  case  of  pulmonary  fat  embolism,  the  study  of 
such  lesions  was  eagerly  taken  up,  and  in  the  half  century 
since  he  wrote,  numerous  observations  have  been  made  upon 
the  subject  by  clinicians  and  experimental  pathologists. 

As  a  result  of  such  observations  it  has  been  established 
that  fat  embolism  is  not  a  rare  condition,  but  that  it  is,  on  the 
contrary,  a  very  frequent  form  of  embolism.  It  occurs  in 
slight  amount  in  the  organs  of  many  patients  dying  of 
various  diseases,  and  in  cases  of  bone  injury  it  often  plays 
an  important  part.  In  practically  every  case  of  fracture  of 
the  bones  it  is  probable  that  fat  particles  are  set  free,  in  greater 
or  less  number,  to  enter  the  blood  stream  and  become 
lodged  in  the  capillaries  of  the  lungs  or  other  organs.  How- 
ever, while  fat  embolism  may  thus  become  a  frequent,  and 
often  a  serious  complication  of  primary  conditions,  it  is  but 
seldom  that  it  can,  of  itself,  cause  death,  and  the  literature 
records  but  few  fatal  cases.  In  view  of  this  fact,  the  follow- 
ing case  is  reported : 

The  patient,  J.  H.  M.,  male,  aged  18  years,  was  admitted  to  the 
Boston  City  Hospital  on  the  afternoon  of  Dec.  31,  1902.     He  had  been 

•Received  for  publication  May  20,  1907. 
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struck  and  knocked  down  by  a  double-runner  while  coasting.  After  the 
accident  he  could  not  rise  or  walk.  The  physical  condition  at  time  of 
entrance  was  as  follows :  Patient  is  well  developed  and  nourished,  his 
general  condition  good.  Pupils  are  equal  and  react  normally.  The 
mental  condition  is  normal  and  there  is  no  evidence  of  any  cerebral 
injury.  The  chest  and  abdomen  are  negative.  At  the  upper  part  of  the 
lower  third  of  the  right  leg  is  a  point  of  tenderness,  crepitus,  and 
abnormal  mobility.  Here  there  is  slight  ecchymosis  and  a  little  swelling. 
There  is  a  contused  wound  over  the  crest  of  the  tibia,  just  below  the 
tubercle.  Temperature  1010;  pulse  90.  The  injured  leg  was  treated  with 
pillow,  and  posterior  and  side  splints.  The  fracture  is  easily  held  in 
good  position.     A  corrosive  dressing  was  applied  to  the  wound. 

January  1st.  —  Patient  appeared  normal  in  every  respect  during  the 
day.  Morning  temperature  101.50,  pulse  96.  During  the  evening  of  this 
day  he  complained  of  slight  malaise.  Temperature  was  now  1040,  pulse 
120.     Physical  examination  was  negative. 

January  2d.  —  During  the  night  the  patient  was  not  easily  aroused  for 
treatment,  but  when  aroused  the  mental  condition  seemed  normal, 
although  he  complained  of  feeling  sleepy.  At  6  a.m.  when  the  ward  was 
opened  it  was  found  impossible  to  arouse  the  patient.  Temperature 
(rectal)  101.50;  pulse  122;  respiration  28.  There  was  slight  rousing  fol- 
lowing supraorbital  pressure.  Pupils  equal,  medium  in  size,  moved  slug- 
gishly. There  was  no  paralysis,  heart  was  negative,  respiration  shallow 
and  somewhat  distant.  Abdomen  negative.  There  was  involuntary 
passage  of  urine,  and  a  moderate  spastic  condition  of  all  the  limbs. 
Leucocytes,  13,400.  The  evening  record  shows:  temperature  1020;  pulse 
120;  respiration  28. 

January  3d.  —  The  condition  was  exactly  the  same,  excepting  that  the 
temperature  was  more  elevated;  pulse  was  rapid  and  weak;  respiration 
shallow,  with  bronchial  rales.  Examination  of  the  wound  showed  no 
evidence  of  infection,  no  swelling,  and  but  little  ecchymosis.  Patient 
comatose,  his  weakness  progressively  increasing.  Nutrient  enemata  were 
not  retained.  In  the  evening  the  temperature  was  1040;  pulse  150;  res- 
piration 35. 

January  4th.  — The  patient  sank  and  died  quietly  at  5.15  a.m.  without 
rousing  from  his  coma  or  showing  evidence  of  any  local  or  general  cause 
for  his  peculiar  condition.  Temperature  before  death  was  105. 50;  pulse 
164;  respiration  60. 

An  autopsy  was  performed  four  and  three-fourths  hours  post-mortem  by 
Drs.  Hoag  and  Williams  of  the  pathological  staff.  Following  is  a  sum- 
mary of  the  autopsy  findings : 

The  body  is  that  of  a  man,  well  developed  and  nourished,  but  with 
little  subcutaneous  fat.  Many  minute  purplish  areas  one  millimeter  in 
diameter  are  regularly  grouped  in  the  skin  upon  the  sides  of  the  chest  and 
abdomen.  The  tibia  is  fractured  at  about  the  middle  of  the  right  lower 
leg.  Over  the  site  of  the  fracture  is  a  small  round  wound  one  centi- 
meter in  diameter.     The  leg  is  slightly  swollen  and  discolored.    Peritoneal, 
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pleural,  and  pericardial  cavities  are  negative.  The  heart  weighs 
three  hundred  and  seventy  grams.  The  valves  are  negative.  Beneath 
the  epicardium  are  a  few  vague  purplish  areas,  one  millimeter  to  three 
millimeters  in  diameter.  Endocardium  is  smooth ;  beneath  it  are  many 
poorly  defined  bright  red  areas,  one  millimeter  to  three  millimeters  in 
diameter,  together  with  yellowish  areas  of  the  same  size  presenting  a 
minute  central  red  dot.  On  section,  the  myocardium  and  papillary  mus- 
cles present  many  evenly  distributed  yellowish  areas  similar  to  those 
described  beneath  the  endocardium.  The  lungs  are  of  small  size,  the 
upper  lobes  crepitant,  reddish  gray  in  color.  Section  reveals  considerable 
frothy  exudation.  The  anterior  portion  of  each  lower  lobe  is  crepitant, 
reddish  gray ;  the  posterior  two-thirds  is  in  each  case  purple  and  presents 
beneath  the  pleura  many  bright  red  areas  one  millimeter  to  two  millimeters 
in  diameter.  These  areas  are  sparsely  scattered,  grouped,  or  confluent. 
The  smaller  bronchioles  contain  a  little  grayish  purulent  material.  The 
liver  weighs  sixteen  hundred  grams.  On  section,  color  is  pale  grayish 
brown ;  the  lobules  are  visible,  while  there  is  seen  also  an  occasional 
rounded  grayish  area  one  millimeter  in  diameter  and  of  refraction  slightly 
different  from  that  of  the  surrounding  tissue.  The  kidneys  weigh 
together  three  hundred  grams.  The  capsule  strips  readily,  markings  are 
distinct ;  cortex  six  millimeters  to  eight  millimeters  in  thickness.  Many 
opaque  yellowish  gray  lines  radiate  from  the  pyramids.  The  glomeruli 
are  visible  as  slightly  elevated,  reddish  gray  dots.  The  thymus  gland  is 
comparatively  large  and  presents  upon  the  cut  surface  many  small  reddish 
areas  one  millimeter  in  diameter.  The  brain  shows  a  moderate  injection 
of  the  larger  vessels  of  the  pia  and  slight  subpial  edema.  Section  reveals, 
in  both  the  gray  and  the  white  matter,  scattered  pin-point  dark  red  spots 
suggesting  ecchymoses.  The  lateral  ventricles  contain  an  increased 
amount  of  fluid.  The  sinuses  and  middle  ears  are  negative.  The  other 
organs  presented  no  abnormality  evident  in  gross.  Bacteriological  exam- 
ination of  the  heart's  blood,  spleen,  and  kidney  showed  no  organisms 
present. 

Material  from  the  autopsy  was  kindly  placed  at  my  disposal  by  Dr.  F. 
B.  Mallory,  whose  suggestions  and  criticism  have  further  been  of  the 
greatest  aid  during  the  progress  of  this  work. 

Thin  slices  from  the  various  organs  were  fixed  in  Zenker's  fluid  and  in 
formalin,  and  sections  were  prepared  by  the  freezing  and  by  the  paraffin 
imbedding  methods.  The  paraffin  sections  were  stained  according  to  the 
eosin  methylene  blue  method ;  the  frozen  sections  were  stained  with 
"  Sharlach  R  "  and  hematoxylin  and  mounted  in  glycerin. 

Following  are  the  histological  findings: 

Heart. —  Sections  stained  by  eosin  methylene  blue  show 
nothing  remarkable  in  the  serosa  or  subserosa.  The  contents 
of  the  vessels  throughout  section  vary  markedly ;  many  of 
them  appear  distended  but  entirely  empty,  while  others  are 
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deeply  injected  with  red  blood  corpuscles.  There  are 
present  many  scattered,  irregularly  outlined  areas  of  small 
size  in  which  the  capillaries  appear  either  empty  or  deeply 
injected.  Red  blood  corpuscles  often  lie  free  in  the  inter- 
stitial tissue  of  such  ajeas,  sometimes  widely  separating  the 
muscle  fibers.  The  latter  show,  in  areas  such  as  described, 
no  change  beyond  a  slight  vacuolation  of  the  cytoplasm  or,  in 
a  few  instances  where  there  is  most  marked  hemorrhage, 
signs  of  degeneration,  that  is,  loss  of  transverse  striation, 
slight  or  total  loss  of  nuclear  staining,  vacuolation  of  the 
cytoplasm,  and  atypical  cytoplasmic  staining.  Occasionally 
these  necrotic  areas  are  invaded  by  poiynuclear  leucocytes. 

Sections  stained  with  Sharlach  R  present  a  striking  appear- 
ance. The  areas  above  described  are  seen  to  be  the  result 
of  an  extensive  blocking  of  the  capillaries  and  smaller  vessels 
by  fat  drops.  The  areas  appear  to  the  naked  eye  as  bright 
red,  patches  and  under  the  microscope  the  capillaries  in  them 
are  seen  to  be  deeply  injected,  many  of  them  are  filled  with 
drops  or  cylinders  of  fat,  while  the  surrounding  muscle 
fibers  contain  great  numbers  of  fine  and  coarse  fat  droplets 
arranged  in  parallel  columns  corresponding  to  the  individual 
fibrillae.  The  fatty  change  is  most  marked  in  those  fibers 
immediately  surrounding  the  larger  embolized  vessels,  and 
becomes  slighter  toward  the  periphery  of  the  area.  There 
are  frequently  small  emboli  in  scattered  capillaries  outside 
such  definite  areas,  but  about  these  there  is  no  fatty 
change. 

Lung.  —  The  vessels  are  deeply  injected,  the  alveoli  and 
smaller  bronchioles  are  filled  with  a  cellular  exudate,  largely 
of  the  polymorphonuclear  type,  though  there  is  a  varying 
admixture  of  red  corpuscles,  endothelial  cells,  and  serum. 
Fibrin  is  present  in  small  amounts  only.  Many  areas  occur 
in  which  groups  of  alveoli  are  closely  filled  with  red  corpus- 
cles, while  few  leucocytes  can  be  seen. 

The  Sharlach  R  stain  shows  great  numbers  of  the  larger 
and  smaller  vessels  filled  with  fat,  which  markedly  distends 
the  capillaries  of  the  alveolar  walls.  Frequently  the  bound- 
ary lines    between   whole    groups    of  adjoining    alveoli    are 
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dearly  marked  out  by  the  intravascular  fat  so  that  the  section 
resembles  an  artificially  injected  preparation.  Occasional 
fat  masses  are  found  free  within  the  alveolar  spaces  and 
bronchioles;  in  some  cases  these  occur  as  groups  of  fine 
droplets  which  appear  to  be  undergoing  a  process  of  absorp- 
tion by  the  surrounding  phagocytic  cells.  The  epithelial 
cells  lining  the  bronchioles  show  a  distinctly  reddish  staining 
reaction,  while  in  many  cases  there  occur  definite  intracel- 
lular fat  particles  which  are  usually  arranged  as  a  column  or 
cone  capping  the  nucleus  at  its  outer  end.  The  cytoplasm 
of  many  of  the  phagocytic  cells  of  the  alveoli  and  bronchioles 
contains  numerous  very  fine  fat  droplets. 

Spleen. — The  capsule  and  trabeculae  are  negative.  The 
pulp  tissue  is  hemorrhagic  and  many  of  the  larger  blood 
channels  are  deeply  injected.  Such  injection  is  especially 
noticeable  as  a  narrow  zone  surrounding  the  Malpighian 
corpuscles. 

Sharlach  R  preparations  show,  in  many  of  the  injected 
zones  described,  groups  of  capillaries  filled  with  fat  droplets. 
The  arterioles  of  the  lymph  nodules  also  frequently  contain 
fat  emboli,  and  emboli  are  found  in  smaller  numbers  scat- 
tered in  the  capillaries  throughout  the  pulp  tissue.  Such 
embolized  vessels  frequently  occur  in  groups.  Many  of  the 
endothelial  cells  lining  the  blood  channels  show  a  slight 
reddish  staining  of  their  cytoplasm,  while  the  leucocytes 
throughout  the  organ  often  contain  fat  droplets.  Such  fatty 
cells  are  found  especially  in  the  Malpighian  corpuscles.  The 
cellular  content  of  the  pulp  is  not  remarkable. 

Pancreas.  —  The  pancreas  shows  marked  fatty  changes. 
Many  of  the  capillaries  of  the  parenchyma  are  filled  with 
droplets  or  long  bars  of  fat.  The  parenchymal  cells,  espe- 
cially those  in  areas  of  vascular  emboli,  contain  large  numbers 
of  fine  and  coarse  intracytoplasmic  fat  droplets.  In  some 
cases  the  cell  cytoplasm  is  almost  entirely  replaced  by  fat 
while  the  nuclei  at  times  show  vacuolation.  The  epithelial 
cells  lining  the  excretory  ducts  show  a  slight  fatty  change. 
The  islands  of  Langerhans  appear  to  be  especially  affected 
by   the   fatty  change;   they  show  a  comparatively  greater 
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amount  of  embolism,  and  their  cells  possess  a  correspond- 
ingly greater  fat  content.  There  is  no  evidence  of  inflamma- 
tion or  of  fat  necrosis. 

Liver. — There  is  a  general  injection  of  the  vessels  and 
sinusoids,  often  of  marked  degree.  Occasionally  vessels  or 
small  groups  of  vessels  appear  dilated  and  empty.  There  is 
very  little  vacuolation  of  the  parenchymal  cells.  Sharlach  R 
shows,  however,  in  the  liver  cells,  numerous  very  fine  fat 
droplets.  These  are  arranged  in  a  narrow  line  extending 
longitudinally  in  the  central  portion  of  the  cords  of  liver 
cells  and  are  grouped  in  the  individual  cells  in  that  portion 
of  the  cytoplasm  adjoining  the  central  bile  capillary  of  tjie 
cell  cord.  Scattered  through  the  sections  are  occasional 
small  areas  showing  the  sinusoids  filled  with  fat ;  the  liver 
cells  here  contain  numerous  fat  droplets,  while  the  unoc- 
cluded  vessels  are  deeply  injected.-  Isolated  emboli  also 
occur  in  small  number.  The  emboli  are  usually  found  in  the 
smaller  vessels  in  the  peripheral  portions  of  the  lobules. 

Kidney.  —  The  appearance  of  Sharlach  R  preparations  is 
a  striking  one ;  many  of  the  glomeruli  show  their  capillary 
coils  solidly  injected  with  the  red  stained  fat,  while  others 
contain  amounts  varying  from  this  extreme  down  to  a  few 
isolated  droplets.  Very  few,  however,  are  entirely  free. 
Most  of  the  fat  is  lodged  in  the  Malpighian  tufts  or  in  the 
smaller  divisions  of  the  interlobular  arteries ;  only  a  slight 
amount  appears  to  have  gained  the  venous  capillaries  and 
the  interlobular  veins.  It  is  noticeable  that  the  vasa  recta 
of  the  pyramids  also  contain  but  occasional  emboli.  While 
the  network  of  capillaries  in  the  outer  cortical  zone  is 
extensively  embolized,  but  little  fat  is  found  in  the  capsular 
vessels  or  in  the  stellate  veins.  No  free  fat  can  be  demon- 
strated in  the  glomerular  spaces  or  in  the  tubal  lumina. 
There  is  a  slight  reddish  staining  reaction  to  be  observed  in 
the  epithelial  cells  lining  the  convoluted  tubules,  while  in  the 
distal  portions  of  the  tubules  —  Henle's  loop  and  onward  — 
there  is  decided  fatty  change ;  the  cytoplasm  here  contains 
many  fine  fat  particles. 

Adrenal. — There  are  occasional  fat  masses  lying   in  the 
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sinusoids  of  the  cortical  substance.     The  parenchymal  cells 
contain  about  the  usual  amount  of  fat. 

Thymus  gland.  —  A  few  of  the  capillaries  of  the  adenoid 
tissue  contain  fat  emboli.  The  corpuscles  of  Hassal  are 
prominent ;  their  cells,  however,  are  largely  broken  down  into 
masses  of  granular  debris  .containing  many  fine  fat  particles. 
Within  the  lymph  sinuses  of  the  adenoid  tissue  are  found 
many  large  cells  with  single  small  nuclei ;  their  cytoplasm  is 
thickly  dotted  with  fine  and  coarse  fat  droplets.  Many  of 
the  lymphocytes  also  contain  fine  fat  particles. 

Bronchial  lymph  nodes.  —  The  peripheral  and  secondary 
lymph  sinuses  are  dilated  and  contain  many  red  corpuscles. 
There  is  considerable  anthracosis.  A  moderate  number  of 
the  vessels  contain  emboli,  sometimes  of  considerable  size. 
Within  the  cords  of  adenoid  tissue  and  in  the  dilated  sinuses 
are  found  numerous  leucocytes  and  endothelial  cells  whose 
cytoplasm  contains  fat  particles. 

Mesenteric  lymph  nodes.  —  There  is  a  marked  hemor- 
rhagic condition.  The  leucocytic  cells  of  all  types  frequently 
show  fat  within  their  cytoplasm. 

Brain. — There  is  marked  injection  of  the  vessels  of  the 
meninges  and  the  cerebral  tissues.  Scattered  throughout 
the  sections,  but  occurring  most  often  in  the  white  matter, 
are  small  rounded  areas  of  closely  crowded  red  blood  cor- 
puscles. The  corpuscles  are  in  some  places  included  within 
the  walls  of  a  vessel,  in  other  places  they  occur  as  an 
extravasation  the  point  of  whose  origin  does  not  appear,  or 
they  surround  a  small  vessel  whose  perivascular  space  th^y 
crowd.  The  ganglionic  cells  of  such  areas  sometimes  show 
degenerative  changes  of  very  slight  extent.  Sharlach  R 
preparations  show  the  capillaries  of  the  cortex  extensively 
filled  with  drops  or  cylinders  of  fat,  while  similar  emboli 
%fccur,  in  slightly  lesser  numbers,  throughout  the  white  mat- 
ter. About  the  embolized  vessels  there  are  frequently  found 
zones  of  hemorrhage  and  early  degenerative  change.  Many 
of  the  large  multipolar  cells  of  the  cortex  show  fat  within 
their  cytoplasm;  this  is  at  times  only  sufficient  to  give  a 
slight  reddish  staining  reaction,  but  in  other  cases  definite 
fat  droplets  may  be  found. . 
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Sections  of  the  Pons  Varolii  show  a  similar  blocking  of 
the  vessels  by  fat  masses,  while  the  large  cells  of  the  gan- 
glionic areas  show  a  fat  content  similar  to  that  observed  in  the 
cortex. 

The  lesions  found  in  this  case  are,  therefore,  fracture  of 
the  right  tibia,  minute  yellowish  areas  in  the  heart,  and 
ecchymoses  in  several  organs,  including  the  skin.  Micro- 
scopically there  are  emboli  of  fat  in  the  smaller  arteries  and 
in  the  capillaries  of  all  the  organs,  but  most  abundantly  in 
the  heart;  lungs,  spleen,  kidneys,  pancreas,  and  brain.  In 
two  of  the  organs,  the  heart  and  brain,  secondary  lesions 
(degeneration  of  the  cytoplasm  and  deposition  of  fat  drop- 
lets )  have  followed  the  blocking  up  of  some  of  the  vessels. 
The  clinical  symptoms  and  death  seem,  therefore,  unques- 
tionably to  have  been  due  to  fat  embolism  following  the 
fracture. 

The  literature  presents  an  interesting  succession  of  theo- 
ries as  to  the  origin  and  action  of  fat  circulating  in  the  blood 
stream.  The  earliest  observers  of  fat  embolism  did  not 
understand  the  results  obtained  in  their  experiments.  Thus, 
according  to  Flournoy,  Lower,  as  early  as  1669,  appears  to 
have  produced  the  condition  in  the  dog  by  the  intravenous 
injection  of  large  amounts  of  milk.  Donne,  in  1846,  in  try- 
ing to  prove  experimentally  the  origin  of  the  blood  cor- 
puscles  from  the  fat  globules  of  milk,  injected  large  amounts 
of  the  latter  fluid.  This  resulted  in  the  death  of  manv  of  his 
animals  but  he  did  not  examine  them  post-mortem.  Magen- 
die  first  reported  the  now  classical  symptoms  of  fat  embo- 
lism in  dogs  treated  with  intravenous  fat  injections;  noted 
the  presence  of  fat  in  the  vessels  of  the  lung  and  in  the  liver 
cells;  and  believed  that  the  temperature  rise  observed  in 
such  animals  depended  upon  this  vessel  blocking.  *  He 
further  deduced  the  theory  that  the  temperature  of  fevers  is 
due  to  a  similar  action  of  blood  thickened  as  the  result  of 
free  sweating. 
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Though  a  few  observers  carried  on  similar  experiments 
during  the  next  thirty-five  years  they  added  nothing,  and  the 
early  observations  had  been  almost  forgotten  when  interest 
in  them  was  revived  through  the  use  of  oil  injections  by 
Virchow  and  others  during  the  progress  of  their  study  of 
pulmonary  embolism.  Then  the  whole  subject  was  removed 
from  the  field  of  purely  experimental  research  and  given  a 
more  human  interest  through  the  observation  by  Miiller 
(i860)  of  fatty  embolism  of  the  choroidal  vessels  of  a  young 
man,  dead  of  interstitial  nephritis,  who,  before  his  death,  had 
suffered  from  amblyopia.  Next  Zenker  (1862)  reported 
the  first  case  of  pulmonary  fat  embolism  in  man.  The  con- 
dition followed  an  extensive  crushing  injury  of  the  thorax 
which  had  produced  a  rupture  of  the  liver  and  of  the  pylorus. 
Zenker  believed  that  the  intravascular  fat  came  from  a  pas- 
sage of  the  fatty  stomach  contents  directly  into  the  ruptured 
hepatic  veins.  In  the  same  year  Wagner  described  a  similar 
blocking  of  the  pulmonary  vessels  in  a  case  of  pyemia,  and 
concluded  that  the  free  intravascular  fat  was  the  cause  of  the 
metastatic  abscesses  found  in  his  case.  He  believed  that 
the  fat  lodging  in  the  vessels  set  up  in  the  surrounding  tis- 
sues a  localized  inflammatory  process.  Thiernesse  had  had 
a  similar  idea  the  year  before  in  describing  a  "  Pneumonia 
oleosa "  which  he  had  produced  by  intravenous  oil  injec- 
tions. 

With  the  question  now  well  opened,  many  workers  applied 
themselves  to  its  study.  Grohe  and  Lanceraux  added  little. 
Then  Bergmann  took  up  the  work.  He  injected  lard  warmed 
to  body  temperature  into  the  great  saphenous  vein  of  cats, 
using  quantities  as  high  as  six  grams.  He  noted  fat 
embolism  of  the  lungs,  with  infarctions  and  edema,  and  found 
emboli  in  the  kidney  and  liver  of  animals  surviving  the 
injection  for  from  six  to  twenty-four  hours.  He  also  records 
the  presence  of  free  fat  within  the  uriniferous  tubules,  and 
concluded  that  it  escaped  into  them  through  the  walls  of  the 
glomerular  vessels.  In  support  of  this  theory  he  demon- 
strated the  presence  of  fat  in  the  urine  during  life.  He 
believed  that  while  fat  embolism  was  rarely  of  great  primary 
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importance,  it  might  became  as  important  complkation  of 
primary  conditions,  and  conc^ievi  that  death  wis  caused  in 
fatal  cases  by  a  paralysis  LIh=^=^ .  of  tie  heart,  associated 
with  pulmonary  edesa.  He  r^alritiized  thai  the  exlensiw 
blocking  of  the  pals»;>=ary  vessels  resulted  -a  a  dendent 
aeration  of  the  bI>oi.  ari  -jiiz  s-zh  -mrune  b'.jod  mas  suable 
properly  to  nourish  the  cari:ac  ganglia,  so  that  paralysis 
resulted  from  this  failure  o:  ==rr:-;=_ 

The  prob'ea  cf  eE.cl.rgy  -ras  =-■■  rnaie  ;f  htterest  by 
Busch.  This  observer.  »-;r"<:=g  ==ier  V==  Reckli=rha=sea. 
first  poiate-i  r~t  the  c,~==?cti;=  r>emee=  fractures  r>:  he w 
and  fat  eshtrhsa.  He  5iui_ed  tie  erecs  uora  ir-^s  a: 
traumatic  Errur.es  of  the  seres  ari  ^irrcw.  a=ri  by  the  =se 

cc^rliief  that  isiih  nij  -z:  z.  ritil  rases  rr  the  r^rru-hcrcr 
d-icurr .^.res  f;l.i.--^  S3Ki=»v»  err. nrLsn.  ;c  7±ie  li!ir5. 
t.rlreys.  i=i  heari. 

rs^re  re  sii  thx:  "-'i^ztz   t~:«  tierry  r.f  zit  c-rmerrjro: 

arti»:-;    i:  r^   fir; r.;-   t;--c    i_-.:c    tse   str-asc      -.=  i 

f~ *-—   rr    ";■?£    ;:"  3-*:^    erzror  ■  rr;   tr-enr.    a:    ;    rare 

The  r;.vt  ;;-.-;_;:=;-;  *-**  rr;   --re.-rz.-ii-  rr  "  "oer   rr 

:  itltL.  j.T>i  :.;r:.::i-  r.i  res.  isi  la:  z:.-.-i:^ri  is  xeroi 
7i— r    !!■;   -;-.-;~i-.--    *  r^ssces   v^'rn"   tie    rrnar-e    rr"  hit 

:-=:-;  n.  ~rr.r  ^i^-i^re  ji::  rrw  :  .-or  stt-hit.  "  "ras: 
tn  ■?-;■:  rr.ir.  — ■=  iir.  vii  -£--£:."  ci-rrars;   :711c   c^rws. 
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though  some  was  probably  emulsified  and  absorbed  by  the 
lymphatics.  In  strong  dogs  he  found  that  all  the  fat  was 
eliminated  in  from  three  to  four  weeks.  Riedel  and  Scriba 
supported  this  work  by  their  own  experiments.  Riedel,  as 
well  as  Busch  and  Flournoy,  stated  that  the  fat  could  be 
taken  up  even  by  the  intact  lymphatics.  Hahn,  after 
fracturing  and  smashing  bones,  showed  that  emboli  could  be 
found  immediately  in  the  lungs,  heart,  liver,  and  kidneys. 
He  believed  that  the  fat  was  eliminated  by  the  kidneys  and 
in  part  by  exudation  through  the  capillary  walls  into  the 
surrounding  tissue,  from  which,  as  already  stated  by  Berg- 
mann,  it  is  gradually  absorbed.  He  did  not  succeed  in  pro- 
ducing embolism  by  extensive  laceration  and  breaking  up 
of  the  subcutaneous  fat  or  of  that  of  the  mesentery,  and  con- 
cluded that  the  conditions  most  favorable  for  absorption  are 
found  in  the  marrow  cavities  of  the  bones. 

As  a  result  of  the  work  thus  far  completed,  the  problem 
had  grown  in  importance,  while  at  the  same  time  it  took  on 
more  and  more  a  definite  outline  and  meaning.  It  remained 
for  Scriba  to  gather  together  the  more  or  less  loose  threads 
left  by  former  observers  and  to  give  the  subject  logical 
form.  While  exceptions  must  be  taken  to  some  of  his  con- 
clusions, his  work  was  thorough,  and  its  careful  and  logical 
method  served  to  clear  up  many  previously  obscure  points. 
His  most  important  conclusion  was  that  death  occurred  only 
after  extensive  embolism  of  the  brain  and  cord,  and  that  it 
was  not  dependent,  to  appreciable  degree,  upon  pulmonary 
or  cardiac  derangement.  While  Hahn,  Czerny,  Flournoy, 
and  others  had  called  attention  to  the  cerebral  symptoms 
observed  clinically  in  fatal  cases,  and  though  Bergmann  had 
considered  the  possibility  of  a  cerebral  factor  as  a  cause  of 
death,  Scriba  was  the  first  to  insist  upon  the  great  signifi- 
cance of  cerebral  embolism.  This  led,  he  believed,  to  deficient 
oxygenation  in  the  vital  centers  and  thus  determined  death. 
From  his  experiments  upon  frogs  he  supported  Bergmann's 
idea  that  fat  excretion  took  place  through  the  capillary  walls 
of  the  glomerular  vessels  and  not  through  the  epithelial  cells 
of  the  tubules ;   he  further  pointed  out  the  peculiar  periodical 
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appearance  and  disappearance  of  free  fat  in  the  urine  of 
fracture  cases.  He  insisted  on  its  demonstration  as  a  valu- 
able aid  in  diagnosis.  Another  diagnostic  point  which  he 
emphasized  is  the  appearance,  in  all  cases,  of  a  fall  in  temper- 
ature ;  this  is  especially  marked  in  those  followed  by  death. 
He  showed  that,  in  general,  a  fatal  result  followed  only  after 
an  amount  of  fat  equal  to  three  times  that  contained  in  the 
animal's  femur  had  entered  the  circulation;  the  exact  amount 
depends  to  some  extent  upon  the  distance  of  its  point  of 
entry  from  the  heart  and  upon  variations  in  the  vis  a  tergo. 

Since  Scriba's  work  appeared,  little  has  been  added  to  our 
knowledge  as  to  the  ultimate  action  of  fat  embolism,  though 
the  frequency  of  its  occurrence,  in  minor  degree  at  least,  in 
many  varied  conditions  has  been  shown  to  be  much  greater 
than  was  at  first  suspected.     It  is  now  recognized  that  fat 
embolism  in  varying  amount  may  appear  in  any  of  the  vari- 
ous disturbances  following  the  action  of  trauma  or  of  inflam- 
matory conditions  upon  tissues  rich  in  fat.    Flournoy,  among 
two  hundred  and  fifty  bodies  examined  at  the  Pathological 
Institute  at  Strasburg,  found  fat  emboli  in  twenty-six;  only 
five    of  these    cases  were  traumatic  bone   lesions.     Of  the 
remaining  cases  there  was  one  of  acute  osteomyelitis;  two  of 
operation    followed  by  acute  inflammation  in  fatty  tissues; 
five  of  inflammation  of  soft  parts  and  bone  together;  one  of 
multiple  contusions  of  the  subcutaneous  adipose  tissues  in 
an  insane  woman,    while  nine  cases  showed  neither  trauma, 
inflammation,  nor  other  condition   usually  held  responsible 
s  for  fat  embolism.     Three  cases  are  excluded  because  of  the 
lack  of  sufficient  data.     Carrara,  out  of  one  hundred  and  two 
cases    examined,  reports  emboli  in  twenty-eight.     Thus,  of 
twenty-seven  cases  of  disease  of  the  lung  and  kidney,  it  was 
found  in  twenty-two  per  cent ;   in  thirteen  cases  of  burns  and 
scalds,    in    forty-four    per  cent;   among  seventeen  cases  of 
fracture,  in  seventy-six  per  cent;   in  five  cases  of  phosphorus 
poisoning,   in  twenty    per   cent.     Moullin,   among    fourteen 
cases  taken  at  random,  found  fat  emboli  in  twelve.     In  only 
one  of  these  had  the  condition  been  suspected  during  life. 
Riedel  demonstrated  emboli  in  two  cases  of  injury  to  the  soft 
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parts  and  in  three  cases  of  osteomyelitis.  Jolly  reports  three 
cases  after  simple  mechanical  rupture  of  the  fat  cells  of  the 
subcutaneous  adipose  tissue.  Saundby  and  Barling,  in  an 
examination  of  ten  cases  of  wounds  and  injuries,  found 
pulmonary  fat  emboli  in  eight;  in  all  the  cases  death  was 
due,  however,  to  other  causes. 

Such  findings  indicate  the  comparative  frequency  with 
which  free  fluid  fat  gains  entrance  to  the  blood  stream, 
though  in  many  such  cases  it  is  evident  that  the  process  is 
so  slight  as  to  have  no  appreciable  significance.  The 
recorded  cases  in  which  fat  has  been  demonstrated  in  quan- 
tities sufficient  to  cause  death,  and  in  which  it  constitutes  the 
only  pathological  condition  found  which  could  account  for 
death,  are  as  rare  as  this  slight  embolism  is  common. 
Scriba,  from  a  total  of  eighty-six  cases  collected  by  him, 
could  accept  only  eight  from  the  entire  number  as  fully 
proved ;  two  others  were  regarded  as  probably  genuine,  but 
were  thrown  out  because  of  insufficient  data.  Meeh,  in 
1892,  reports  two  cases  from  Brun's  clinic,  and  from  a  review 
of  the  literature  brings  the  total  of  recorded  cases  to  one 
hundred  and  thirteen.  Of  the  twenty-five  added  to  Scriba's 
list,  only  five  to  seven  can  be  accepted  as  genuine,  so  that 
the  total  of  well  authenticated  cases  is  set  down  as  thirteen 
to  fifteen.  Jentzsch,  in  1898,  collects  five  further  cases  and 
reports  three  more  which  had  occurred  among  two  thousand 
fracture  cases  at  Bramann's  clinic.  Since  1898  there  may 
be  added  the  single  cases  reported  by  Pomatti,  Payr, 
Seegers,  and  Joachim.*  A  further  case  reported  by  Engel 
is  of  doubtful  value. 

A  rather  careful  review  of  the  English  and  American 
literature  has  revealed  a  disappointing  paucity  of  material 
upon  this  subject;  the  cases  reported  are  usually  so  imper- 
fectly presented  as  to  be  of  little  value.  From  England, 
apparantly  authentic  cases  have  been  reported,  however,  by 
Prichard,  Coats,    Skirving,  and    Hamilton.     Skirving's  case 

*  Since  this  paper  was  written,  two  cases  have  been  reported  by  K.  Brenziger  ( Wien. 
Klin.  Rundschau.,  1906,  xx,  pp.  505-507).  He  refers  to  an  additional  case  reported 
by  Preindlsberger  (Zeitschr.  f.  Heilk.,  190a). 
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followed  forcible  extension  of  an  ankylosed  joint,  while 
Hamilton's  resulted  from  the  rupture  of  a  very  fatty  liver. 
It  must  be  said,  however,  that  all  of  these  cases  leave  much 
to  be  desired  in  the  matter  of  detail.  Even  less  satisfactory 
are  cases  reported  by  Southam,  Saundby  and  Barling.  Hirsch, 
and  Ferguson.  The  latter's  case  followed  free  incision  of  a 
breast  abscess.  Only  rarely  have  these  observers  reported 
an  examination  of  the  brain ;  they  looked  only  to  the  lungs  for 
the  presence  of  emboli  or  reported  other  organs  "nega- 
tive." 

The  American  literature  is  scanty.  Bailey  appears  to 
have  been  the  first  to  record  a  case,  but  it  is  evident  that  his 
patient  died  of  septicemia  rather  than  of  embolism.  Whit- 
ney and  Fitz  record  cases  in  which  they  considered  fat 
embolism  as  at  least  a  contributing  cause  for  death.  Fiu 
also  reports  an  undoubted  case  fotlowing  a  dislocation  of  the 
hip.  The  fat  was  set  free  through  the  laceration  of  the 
adipose  tissue  surrounding  the  hip  joint.  Single  cases 
reported  by  Fenger  and  Salisbury,  and  by  Claussen  appear 
genuine  but  are  insufficiently  recorded.  The  former  writers 
found  emboli  in  lungs  and  brain.  The  latter  reports  emboli 
in  the  lungs  alone,  none  of  the  other  organs  having  been 
studied  microscopically.  Bard  and  Bonine  and  Belknap 
-eport  diagnoses  of  the  condition,  but  as  the  patient  in  each 
ase  recovered,  there  was  no  opportunity  for  autopsy  con- 
irmation  It  is  significant,  however,  that  in  the  latter's  case 
ree  fat  was  found  in  the  urine  on  the  nineteenth  day. 
so!  a  ted  reports  of  other  cases  have  appeared  but  only  in  too 
leager  detail  to  warrant  their  acceptance.  It  may  be  noted 
hat  Brown  and  Starr,  as  well  as  a  few  English  writers,  duet 
r  whom  are  Sanders  and  Hamilton,  have  reported  cases  of 
>:abetes  me'.litus  with  "  milky  blood "  in  which  death  is 
scribed  to  fat  embolism.  This  theory  is  rejected  by  Fi- 
ut  is  accepted  by  Shattuck  as  an  explanation  for  tie  ca- 
etic  coma  and  death.  A  case  of  diabetes  with  marked  cuje- 
::a  firf-aately  came  under  observation  d-jring  if  prr^ress 
f  this  w;rk.  and  the  microscopic  appearances  =rced     a  "^e 
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fat  embolism  as  to  throw  strong  doubt  upon  the  existence  of 
any  possible  connection  between  the  two  conditions. 

As  to  the  exact  nature  of  the  lethal  action  of  fat  emboli, 
there  has  been,  as  above  indicated,  considerable  discussion. 
The  early  observers  were  particularly  impressed  by  the  pul- 
monary lesions;  Bergmann,  Riedel,  Flournoy,  Wagner, 
Schweniger,  and  others  ascribed  death  to  pulmonary  edema 
together  with  cardiac  disturbance.  Such  heart  condition 
was  believed  to  be  due  to  the  deficient  nutrition  afforded  by 
the  poorly  aerated  blood.  But  it  was  early  noticed  that 
emboli  were  easily  demonstrated  in  other  organs — thus, 
Cohn  saw  emboli  in  the  capillaries  of  the  brain  and  limbs ; 
Bergmann  noted  widespread  embolism,  especially  in  animals 
surviving  oil  injections  for  several  hours.  Busch  doubted 
the  single  importance  of  pulmonary  lesions  and  concluded 
that  death  was  due  to  the  great  circulatory  disturbances  fol- 
lowing massive  embolism  of  all  the  great  viscera.  Though 
Bergmann  had  suggested  the  possible  importance  of  the 
cerebral  emboli  seen  by  him,  Czerny  was  the  first  to  call 
particular  attention  to  this  lesion.  His  contention  was  vigor- 
ously taken  up  by  Scriba,  who  showed,  as  did  Wiener,  that 
death  might  occur  in  experimental  animals  showing  no 
edema  of  the  lungs.  Clinical  symptoms  apparently  cerebral 
in  origin  had  been  noted  by  Halm,  Czerny,  Flournoy,  but 
these  men  had  merely  suggested  their  significance,  or,  in  the 
case  of  Flournoy,  had  considered  them  of  entirely  secondary 
importance.  Scriba,  on  the  other  hand,  declared  emphati- 
cally that  the  only  lesion  capable  of  producing  death  was 
embolism  of  the  brain  and  cord,  that  fat  embolism  had  no 
injurious  effect  upon  the  heart,  and  that  if  pulmonary  edema 
ever  appeared,  it  was  so  trifling  in  extent  that  it  could  be 
disregarded.  This  idea  has  been  much  opposed  and  von 
Zwicke,  von  Lympius,  Meeh,  and  others  have  published 
typical  cases  showing  no  cerebral  emboli.  Seegers,  it  may 
be  noted,  while  studying  the  cerebral  lesions,  produced  fatal 
embolism  by  the  injection  of  sterile  fat  into  the  common 
carotid  artery;  the  animal  showed  emboli  nowhere  but  in 
the  brain,  where  they  were  present  in  both  hemispheres. 
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These  opposing  views  may,  however,  be  harmonized.    The 
important   point   to   be   considered,    as   recently   noted  by 
Barack,  is  the  time  between  the  entrance  of  the  fat  into  the 
circulation  and  the  occurrence  of  death.     The  .study  of  the 
recorded  cases,  as  well  as  the  consideration  of  the  findings 
in  the  experiments  given  below,  would  seem  to  indicate  that 
we    may  have    two  modes  of  death.     The  first  is  found  in 
those  instances  in  which  death  occurs  in  a  few  hours ;  such 
cases  present  a  massive  embolism  of  the  pulmonary  vessels, 
usually  accompanied    by  edema  of  greater  or    less  extent. 
The  clinical  symptoms  are  those  of  "  shock  "  or  asphyxia- 
tion.    The    second    appears    in    those    cases    surviving  for 
periods  of  twenty-four  hours  or  longer ;  the  symptoms  here 
usually  appear  first  on  the  second  to  the  fifth  day.     In  these 
cases   the    pulmonary  embolism    is    still    great,  though  evi- 
dently not  sufficient  to  cause  death  of  itself,  for  experiments 
show  that  death  does  not  occur  from  circulatory  stasis  in  the 
lungs  until  fully  five-sixths  of  the  pulmonary  vessel  area  has 
been  shut  off.     But  in  these  cases  the  fat   has  passed   the 
lungs;    has  gained -wide  distribution  throughout  the  body; 
and   has  produced  lesions  of  all  the  vital  organs.     Among 
them  the  brain  and  cord  suffer  to  a  marked  degree,  and  it  is 
in  such   cases  that  clinical  and  pathological  findings  point 
toward  lesions  of  the  central  nervous  system  as  an  important 
factor  in  the  lethal  action. 

The  case  here  presented  is  an  example  of  this  latter  type. 
The  patient  survived  injury  for  eighty-four  hours,  the  first 
twenty-four  of  which  were  without  clinical  evidence  of  mis- 
hap. From  about  the  thirtieth  hour  onward  the  patient 
showed,  however,  symptoms  of  cerebral  disturbance;  these 
became  gradually  more  marked  and  were  attended  by 
symptoms  apparently  referable  to  lungs  and  heart.  While 
the  temperature  was  elevated,  there  was  no  sign  of  infection 
of  the  small  skin  wound  near  the  site  of  fracture,  and  bacteri- 
ological examination  after  death  showed  no  evidence  of 
sepsis.  Despite  Scriba's  conclusion  that  there  is  always  a 
temperature  fall  in  typical  cases,  the  rising  temperature  noted 
in  this  case  has  been  observed  and  recorded  by  numerous 
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writers  in  well  authenticated  cases.  Moreover,  the  gross  and 
microscopical  appearances  are  those  of  widespread  embolism. 
But  while  the  lungs,  heart,  and  brain  show  in  gross  evidence 
of  vessel  blocking,  there  is  little  convincing  evidence  of  dis- 
ease until  the  tissues  are  stained  for  fat  and  examined 
microscopically.  In  such  preparations  the  heart  lesion  is 
especially  striking.  Although  Busch,  Seegers,  Jentsch,  and 
von  Recklinghausen  note  fatty  degeneration  of  thq  myo- 
cardial fibers,  the  condition  seems  not  to  have  received  the 
consideration  it  deserves ;  von  Recklinghausen  alone  insisted 
especially  upon  its  importance.  Yet  the  change,  as  seen  in  the 
present  case,  is  great,  while  the  resulting  disability  occurs  at  a 
time  when  the  maximum  of  energy  is  needed  for  dislodging 
the  emboli  blocking  the  capillaries  throughout  the  body. 
The  extensive  blocking  of  the  kidney  glomeruli  lames  an 

* 

important  portal  of  exit,  and  perhaps  determines  in  part  the 
pulmonary  edema,  as  was  suggested  by  Wiener.* 

Of  the  other  great  viscera,  the  embolism  of  the  spleen  and 
liver  do  not  appear  important,  while  it  is  difficult  to  estimate 
the  possible  significance  to  be  attributed  to  the  extensive 
fatty  change  observed  in  the  pancreas.  Cerebral  involve- 
ment in  the  present  case  is  of  marked  degree;  the  finer 
terminal  vessels  of  the  gray  matter  are  blocked  in  numbers 
by  the  fat,  while  those  of  the  white  matter  do  not  escape. 
There  is  unmistakable  evidence  of  early  necrotic  change  in 
the  tissue  about  such  blocked  vessels,  as  has  been  noted  by 
Joachim  and  Pomatti.  Seegers  concludes  that  such  patho- 
logical alteration  of  the  cerebral  tissue  first  prepares  the  way 
for  the  onset  of  extravascular  hemorrhage.  In  these  cerebral 
alterations  there  appears  sufficient  explanation  for  the  drowsi- 
ness, followed  by  unconsciousness,  spasticity,  and  coma 
observed  clinically,  and  for  the  partial  paralyses  recorded  in 
other  cases. 

In  connection  with  the  unusual  persistence  of  the  thymus 
gland  in  this  patient,  it  is  interesting  to  note  reports  by  Payr, 


*  Scriba  believed  that  such  edema  was  not  merely  the  result  of  the  filtering  of  serum 
through  the  walls  of  engorged  blood  vessels,  but  that  it  was  due  to  vasomotor  dis- 
turbances produced  by  the  cerebral  lesions. 
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Ai.rzni,  arA  CoIIey  of  the  presence  ce  21  *r^r-i^  n."miLjb  3- 
%ta!,v  lymphaticus  in  their  cases  of  fatal  isr  tarcnilsit  iuiw- 
ir.g  **  "vr:V:rn';nt  force/' 

TLe  elimination  of  fat  has  been  shs-wm  r^ce  pscr  .2^7 
*>y  :*.*  escape  into  the  uriniferous  t-b-jes  thrncgx  lie  "rLf 
of  t^e  glomerular  capillaries.  Scrlba  btLi-er-fri  "^g*  1  sssl 
arj,o4-nt  was  disposed  of  by  the  leucocytes.  ini  rjssrrbesfi: 
cropiet*  in  the  ceils  of  the  splenic  pulp.  i£:z_r  kcss 
t:mi-ar  appearance,  *vhile  Riedel  and  Hohlbeck  fgscrbsd  2 
the  lungs  large  cells  containing  fat  particles.  5_r~r  z-Z'=emr 
tiorjs  are  borne  out  by  the  appearances  fomf  ir  zz.t  rrser 
France.  The  leucocytic  cells  of  spleen.  lun^*.  things,  arc 
lymph  nodes  are  found  to  contain  small  fat  drep'es*  r^r: 
large  numbers.  There  is  here  an  indication  of  the  ir^estra 
of  fat  by  such  cells,  and  it  appears  probable  that  a  r  refer- 
able amount  may  be  disposed  of  in  this  way.  The  appear- 
ance of  fat  masses  in  the  epithelial  cells  of  some  of  the 
organs  suggests  the  possible  participation  of  the  iarter  iathc 
process  of  elimination. 

With  the  object  of  observing,  if  possible,  the  organ  or 
organs  showing  a  preponderance  of  grave  lesion  following 
the  presence  in  the  blood  of  free  circulating  fat,  experiments 
were  carried  out  upon  a  series  of  rabbits.  Fat  in  measured 
quantities  was  injected  into  the  dorsal  ear  vein,  observation 
was  made  of  the  resulting  symptoms,  and  sections  of  the 
various  organs  were  cut  upon  the  freezing  microtome  and 
stained  with  Sharlach  R  and  hematoxylin.  Specimens  were 
imbedded  in  gelatin  before  freezing,  when  necessary.  The 
fat  used  was  at  first  cotton-seed  oil ;  a  second  series  of  ani- 
mals was  treated  with  animal  fat  prepared  from  absolutely 
fresh  suet,  and  maintained  as  nearly  as  possible  free  of  fatty 
acids.  The  difficulties  here  were  so  considerable,  however, 
that  the  cotton-seed  oil,  which  was  demonstrated  to  be  acid 
free,  was  again  taken  up.  The  action  of  the  vegetable  oil 
was  in  no  way  different  from  that  of  animal  origin. 

The  results  of  these  experiments  may  be  shortly  sum- 
marized.    The  cases  were  seen  to  fall  into  two  groups,  as  has 
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been  noted  above ;  first,  those  resulting  from  the  injection  at 
one  operation  of  a  large  amount  of  fat ;  and  second,  those 
developed  by  the  injection  of  small  quantities  of  oil  repeated 
at  intervals  of  from  a  few  hours  to  three  days.  Rabbits  I., 
X.,  and  XI.  received  injections  of  from  one  to  three  and  a 
half  cubic  centimeters  of  oil.  In  all,  death  followed  in  an 
average  time  of  three  minutes  and  was  preceded  by  great 
dyspnea,  muscular  weakness,  and  limited  convulsions. 
Histological  examination  of  the  organs  shows  great  numbers 
of  emboli  in  the  pulmonary  vessels.  The  heart,  except  in 
Rabbit  XL,  shows  marked  fat  embolism  of  its  vessels,  and  in 
all  there  is  the  presence  of  small  emboli  of  the  renal 
capillaries,  though  it  is  noticeable  that  the  fat  masses  do  not 
appear  in  the  glomerular  vessels.  The  central  nervous 
system  is  in  all  cases  free  of  emboli.  In  all  these  animals  the 
heart  showed  faint  rhythmic  contractions  when  the  thorax 
was  opened  for  autopsy — in  one  case  the  animal  had  then 
been  dead  for  ten  minutes.  It  appeared  evident  that  death 
was  due  here  to  a  practical  shutting  off  of  the  lungs  en  masse, 
so  that  the  animals  *  died  of  asphyxiation.  Marked  "  air 
hunger"  was  apparent  and  death  was  sometimes  preceded 
by  spasmodic  attempts  at  abdominal  breathing.  Artificial 
respiration  in  one  case  met  with  a  slight  response. 

More  interesting,  as  more  closely  approaching  the  con- 
dition in  the  human  case  reported,  were  the  findings  in  ani- 
mals treated  by  repeated  oil  injections.  Such  animals 
received  total  amounts  varying  from  1.2  cubic  centimeters  to 
2.8  cubic  centimeters  of  oil  in  injections  of  from  .2  cubic 
centimeter  to  .8  cubic  centimeter;  the  whole  period  of  treat- 
ment lasted  in  different  cases  from  three  to  seventeen  days. 
In  connection  with  the  dosage  it  was  observed  that  different 
animals  showed  marked  variations  in  their  resistance  to  pro- 
portionate amounts  of  oil,  so  that  no  arbitrary  standard  could 
be  fixed  for  the  minimum  fatal  dose.  It  was  apparent, 
however,  that  such  amount,  for  animals  averaging  eleven 
hundred  grams  in  weight,  could  roughly  be  stated  as  about 
one  cubic  centimeter.  In  sharp  contrast  with  this  average 
fatal  quantity  is  the  fact  that  in  many  cases  primary  single 
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.i'^'t  aiu  ^rrier.15  a  nc.rr  :•>::::  c  an:>eararce  c.3se«v  com- 
par*:,.e  tt.  th.it  if  the  h_~in  case,  even  as  tD  the  presence  of 
the  lar^e  fat  h*ear:r_z  ce.'s  :f  its  Iv=rh::i  tissue.  Clinically, 
th  *  cate  -hcTied  tyz'ra".  sy~::::u:s-  It  gradually  developed 
a  zzr.z.v.'Lr.  c:  apathy,  muscular  relaxation,  and  dyspnea,  the 
puire  and  respiration  increased.  Death  occurred  forty-eight 
Lvjrs  a*'ter  the  last  in:ecti:n  and  was  preceded  bv  a  convul- 

A  review  of  the  findings  in  the  remaining  nine  animals  of 
this  £roup  brings  out  several  interesting  points.  Animals 
II.,  III.,  and  IV.  each  received  three  injections.  II.  received 
a  tcta!  of  1.5  cubic  centimeters  of  oil  during  a  period  of 
ei^ht  cavs;  III,  a  total  of  2.0  cubic  centimeters  in  three 
days :  IV.,  a  total  of  2.2  cubic  centimeters  in  nine  days.  In 
a'.i.  the  third  irvection  was  fatal  in  a  few  minutes,  the  amount 
being  1. o  cubic  centimeter  for  number  II. f  .8  cubic  centi- 
meter for  III.  and  IV.     These  animals  show  as  a  dominant 
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lesion  great  pulmonary  embolism  and  this  is  apparently  the 
chief  factor  in  producing  death.  But  along  with  the  pulmo- 
nary changes  go  those  characteristic  of  an  embolism  of 
longer  duration.  Thus  II.  shows  a  marked  change  of  the 
myocardium,  while  all  show  emboli  of  the  kidney  glomeruli 
and  of  the  brain  and  cord.  %  A  peculiar  lesion  observed  in 
IV.  is  a  fatty  change  of  the  muscle  fibers  of  the  diaphragm 
analogous  to  that  above  described  as  occurring  in  the 
heart.  The  fat  droplets  appear  in  beadlike  chains  and  are 
found  to  occur  as  small  particles  strung  along  in  regular 
order  in  the  myoplasm  of  the  individual  fibrillae ;  the  lines 
of  cross  striation  separate  successive  globules.  This  animal 
was  the  first  in  which  the  diaphragm  was  studied ;  routine 
examination  thereafter  showed  the  presence  of  the  lesion  in 
five  of  the  eight  animals  examined.  So  far  as  can  be  ascer- 
tained no  previous  record  of  this  lesion  has  appeared,  and 
while  its  significance  is  problematical,  it  is  hoped  that  future 
observation  may  be  made  with  the  view  of  ascertaining  the 
value  to  be  placed  upon  it.  The  diaphragm  of  the  normal 
rabbit  has  not  been  found  to  show  any  similar  condition. 

Rabbit  XIII.  shows  lesions  paralleling  those  of  VII.  (above 
described).  It  received  a  total  of  1.4  cubic  centimeters  of 
oil  given  in  seven  injections  during  a  period  of  three  days. 
Death  occurred  during  the  night  of  the  third  day.  There 
are  found,  as  in  VII.,  moderate  pulmonary  embolism,  marked 
embolism  of  kidney  glomeruli  and  of  the  central  nervous 
system,  and  fatty  change  of  the  cardiac  and  diaphragmatic 
muscle  fibers.  The  pulmonary  lesion  is  here  outweighed  by 
the  changes  in  the  other  organs. 

Rabbits  V.  and  VI.  received,  respectively,  2.6  cubic  centi- 
meters of  oil  in  fourteen  days,  and  2.8  cubic  centimeters  in 
seventeen  days.  The  injections  were  gradually  diminished 
from  an  initial  dose  of  .8  cubic  centimeter  to  one  of  .2  cubic 
centimeter.  Both  animals  remained  free  of  symptoms  and 
were  finally  chloroformed  a  few  hours  after  the  last  injection. 
They  show  a  widespread  embolism  involving  lungs,  heart, 
kidney,  diaphragm,  and  central  nervous  system.  While  there 
is  slight  fatty  change  of  the  heart  and  diaphragm,  with  diffuse 
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blocking  of  the  smaller  vessels  in  the  other  organs,  the 
changes  are  nowhere  marked.  Such  changes,  which  differ 
only  in  degree  from  those  found  in  fatal  cases,  indicate  that 
the  organism  may  resist  the  action  of  a  considerable  amount 
of  fat  provided  such  fat  enters  the  circulation  in  small  quan- 
tities and  at  comparatively  long  intervals.  All  the  last  men- 
tioned animals  were  found  to  excrete  fat  in  the  urine,  while 
the  leucocytes  of  the  lymphoid  structures  and  of  the  tissues 
appear  to  be  participating  in  the  removal  of  the  substance. 
In  the  lungs  the  fat  is  often  accumulated  into  more  or  less 
circumscribed  areas.  Here  it  appears  as  though  broken  up 
into  small  particles,  and  in  such  areas  there  appear  thickly 
clustered  phagocytic  cells,  many  of  which  contain  large  or 
small  fat  globules. 

Finally,  mention  may  be  made  of  Rabbit  IX.  This  animal, 
of  the  same  litter  as  VII.,  and  of  almost  exactly  the  same 
weight,  showed  no  symptoms  of  disturbance  after  receiving 
exactly  similar  treatment.  After  an  interval  of  one  month 
it  was  given  three  injections  of  .2  cubic  centimeter  each 
during  a  period  of  twelve  hours.  Dyspnea,  drowsiness,  and 
muscular  weakness  developed  within  an  hour  after  the  last 
injection  and  death  occurred  during  the  night.  Here  there 
is  a  slight  but  widespread  embolism  involving  heart,  kidneys, 
liver,  spleen,  and  central  nervous  system,  together  with  an 
extreme  blocking  of  the  pulmonary  vessels.  This  animal, 
after  having  eliminated  almost  entirely  the  fat  given  at  the 
previous  time,  has  been  overwhelmed  by  a  comparatively 
slight  additional  amount  of  oil.  The  case  illustrates  the* 
soundness  of  the  surgical  law  forbidding  any  avoidable 
manipulation  of  recently  fractured  bones,  since  there  is 
always  the  possibility,  in  such  procedure,  of  adding  to  the 
fat  already  in  the  circulation  an  additional  amount  sufficient 
to  produce  a  fatal  result. 

CONCLUSIONS. 

I.  Two  lesion  complexes  may  be  found  in  fatal  cases  of 
fat  embolism.     The  first  consists  of  an  extreme  blocking  of 
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the  pulmonary  vessels,  together  with  a  less  marked  involve- 
ment of  those  of  the  heart.  There  is,  at  most,  only  a  negligi- 
ble blocking  of  the  vessels  of  the  general  circulatory  system. 
The  second  involves  widespread  embolism  of  the  blood 
channels ;  the  pulmonary  lesion  is  here  of  secondary  impor- 
tance and  is  overshadowed  by  lesions  of  the  heart,  kidney, 
and  central  nervous  system. 

2.  Death  occurs  in  the  first  class  of  cases  from  asphyxia, 
and  follows  closely  upon  the  trauma  or  disease  leading  to  the 
entrance  of  fat  into  the  vessels.  In  the  second  class  of  cases 
it  depends  upon  multiple  cerebral  emboli,  associated  with 
embolism  and  fatty  degeneration  of  the  heart.  In  such  cases 
death  follows  only  after  the  lapse  of  some  days  (usually 
three  to  eight). 

3.  The  dividing  line  between  fatal  and  non-fatal  amounts 
of  fat  is  ill-defined.  Individual  susceptibility  appears  to  be 
widely  variant. 

4.  An  amount  of  fat,  which  would  be  fatal  if  suddenly 
gaining  entrance  into  the  blood  stream,  produces  no  unfavor- 
able symptoms  if  it  enters  the  circulation  in  divided  doses 
separated  by  intervals  of  several  days.  Such  fat  is  gradually 
eliminated  through  the  kidneys  and  by  the  phagocytic  action 
of  the  leucocytes. 

5.  Fatty  degeneration  of  the  heart  in  fatal  cases  is  often 
accompanied  by  similar  changes  in  the  diaphragm ;  the 
skeletal  muscles  remain  unaffected.  Such  diaphragmatic 
lesion  may  in  part  account  for  the  respiratory  disturbance 
always  observed. 
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DESCRIPTION   OF   PLATES. 

Plate  XXII. 

Distribution  of  fat  emboli  in  the  glomeruli  of  the  kidney.     Fig.  1,  low 
power;  Fig.  2,  high  power. 

Plate  XXIII. 

Heart  showing  fat  emboli  and  degeneration  of  a  group  of  muscle  fibers. 
Fig.  i,  low  power;  Fig.  2,  high  power. 

(Photographs  of  the  specimens  were  made  by  Dr.  S.  B.  Wolbach,  whose  kindness 
the  author  wishes  to  take  this  opportunity  for  acknowledging.) 
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A    CASE   OF   MULTIPLE   PRIMARY   CARCINOMA.* 

Guthrie  McConnell,  M.D. 
{From  the  Laboratory  oj  the  St.  Louis  Shin  ana'  Cancer  Hospital.) 

The  comparative  rarity  of  multiple  primary  malignant 
growths  seems  sufficient  excuse  for  the  presentation  of  this 
case  particularly  as  there  are  several  possibilities  in  regard  to 
the  nature  of  one  of  the  growths. 

The  case  is  as  follows : 

E.  V.  White ;  age,  Sy.  —  Admitted  to  hospital  Sept.  21, 1906.  Family 
history:  Negative.  Past  history:  Diseases  of  childhood.  Present  his- 
tory: About  six  or  seven  months  ago  a  small  yellowish  spot  appeared 
upon  the  right  upper  lip,  at  the  same  time  a  similar  spot  occurred  on  the 
back  of  the  right  wrist.  These  soon  became  ulcers.  These  areas  were 
treated  at  various  times  with  plasters  but  without  any  favorable  results. 
Physical  examination :  There  is  present  a  sore  extending  from  the  right 
nasal  opening  to  the  edge  of  the  upper  lip  and  from  there  to  the  right 
angle  of  the  mouth.  This  ulcer  communicates  with  the  mucous  mem- 
brane by  means  of  a  fistulous  opening.  The  submaxillary  and  the  sub- 
lingual nodes  on  the  right  side  are  perceptibly  enlarged.  On  the  back  of 
the  right  wrist  is  a  small  scab-covered  ulcer  about  one  centimeter  in 
diameter. 

While  in  the  hospital  there  developed  in  the  left  cheek  a  mass  that  was 
freely  movable,  not  being  adherent  either  to  the  skin  or  to  the  mucous 
membrane.  This  began  about  two  months  before  death  and  at  the 
autopsy  had  attained  a  size  of  about  3x2  centimeters.  At  this  time  the 
left  sublingual  and  submaxillary  nodes  and  one  of  the  supraclavicular  as 
well  were  considerably  enlarged. 

At  no  time  were  there  any  gastric  symptoms.  The  appetite  remained 
good  up  to  the  day  of  death. 

The  following  are  the  post-mortem  notes  and  the  results  of  the 
microscopic  examinations : 

E.  V.  Age,  87;  female;  white.  —  Died  Dec.  16,  1906,  4  a.m. 
Autopsy  Dec.  16,  1906,  3  p.m.  Weight  of  organs:  Heart,  355  grams; 
left  lung,  400  grams;  right  lung,  610  grams;  spleen,  45  grams;  left  kid- 
ney, 90  grams ;  right  kidney,  90  grams ;  liver,  910  grams.   . 

Pathological  diagnoses:  Epithelioma  of  face,  epithelioma  of  wrist, 
epithelioma  of  cheek,  carcinoma  of  stomach,  carcinoma  and  tuberculosis 
of  gastric  nodes,  carcinoma  of  liver,  bilateral  obliterative  pleuritis,  healed 

*  Presented  before  the  American  Association  of    Pathologists  and  Bacteriologists, 
Washington,  D.C.,  May  7,  1907.    Received  for  publication  May  27,  1907. 
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tubercles  of  both  apices,  obliterative  pericarditis,  interstitial  nephritis, 
atrophic  spleen,  calcified  fibro-myoma  of  the  uterus,  atheroma  of  aorta 
and  coronaries. 

The  body  is  that  of  a  small,  much  emaciated  adult  white  female.  On 
the  right  upper  lip  from  the  outer  angle  to  the  ala  of  the  nose  is  a  rough, 
irregular  area  in  which  there  is  a  small  sinus  communicating  with  the 
inner  mucous  membrane.  On  the  right  wrist  is  a  small  scab  covering  an 
ulcer  about  one  centimeter  in  diameter.  In  the  muscle  of  the  left  cheek 
is  a  freely  movable  tumor  about  two  centimeters  in  diameter. 

There  is  very  little  subcutaneous  fatty  tissue.  The  abdominal  organs 
are  free  from  adhesions.  Appendix  small  and  fibrous.  Omentum  con- 
tains very  little  fat. 

Right  pleural  cavity  is  completely  obliterated  by  adhesions.  The  left 
cavity  is  not  completely  obliterated,  contains  a  small  amount  of  serous 
fluid. 


Heart.  —  Pericardial  cavity  completely  obliterated.  Heart  muscle 
rather  pale.     Some  atheroma  of  aortic  leaflets  and  of  coronaries. 

Lungs.  —  Both  lungs  showed  practically  similar  conditions.  They 
were  pale  and  emphysematous,  contained  a  small  amount  of  clear  fluid  in 
some  areas.  Both  apices  were  the  seat  of  quite  large  depressed  scars. 
The  left  apex  was  collapsed  and  fibrous,  atelectatic.  Bronchi  contained 
considerable  muco-purulent  exudate. 

Spleen.  —  Was  very  small  and  dense.  Capsule  contained  a  few  small 
whitish  nodules  collected  in  a  group.  Follicles  were  not  visible.  Tra- 
becular quite  plainly  seen. 

Kidneys.  —  Both  organs  very  small,  pale  in  color,  quite  hard.  Numerous 
small  cysts  visible  beneath  capsule.  Capsule  when  stripped  removed 
portions  of  renal  tissue.     Cortex  thin. 

Adrenals.  — Apparently  normal. 

Pancreas.  —  Apparently  normal. 

Stomach.  —  Small.  The  anterior  wall  in  the  region  of  the  cardia  was 
covered  externally  by  many  small,  irregular,  whitish  dense  nodules  and 
flattened  areas.  The  glands  along  the  lesser  curvature  were  enlarged. 
On  opening  the  organ  there  was  found  an  elevated  necrotic  area  about  two 
centimeters  in  diameter  situated  in  the  greater  curvature  just  beyond  the 
opening  of  the  esophagus.  On  the  anterior  wall  about  one- third  the  dis- 
tance from  the  cardia  was  another  involved  area  about  four  centimeters 
in  diameter.  This  was  considerably  elevated  and  quite  necrotic  in  its 
central  portion,  giving  it  an  umbilicated  appearance.  On  the  posterior 
wall,  symmetrically  situated,  was  a  growth  almost  similar  except  that  it 
was  a  trifle  smaller.  On  the  anterior  wall  about  two  centimeters  beyond 
the  above  growth  was  another  similar  circular  involved  area  as  well  as  a 
somewhat  diffuse  infiltration.  There  were  also  corresponding  lesions  on 
the  posterior  wall.  Esophagus  was  clear  throughout  and  there  were  no 
enlarged  nodes  along  its  course. 


i 


MULTIPLE    PRIMARY   CARCINOMA.  485 

Liver.  —  Small,  mottled  by  distinct  irregular  yellowish  and  brown  areas. 
Scattered  over  the  surface  and  throughout  the  substance  were  many  areas, 
either  yellowish  in  color  or  mixed  yellow  and  red  from  hemorrhage.  When 
located  on  the  surface  these  areas  were  slightly  raised.  Was  very  little 
difference  in  density  from  the  liver  tissue  itself. 

Intestines.  —  The  large  intestine  showed  on  its  external  surface  many 
diverticula  about  the  size  of  a  split  pea.  These  contained  fecal  matter  and 
communicated  with  the  lumen  by  a  small  opening. 

Uterus.  —  Was  represented  by  a  very  hard  mass  about  the  size  of  a 
man's  fist,  at  the  lower  portion  of  which  was  a  remnant  about  two  centi- 
meters long  of  the  cervix.  The  mass  was  so  infiltrated  by  lime  salts 
that  it  was  necessary  to  use  a  saw  to  cut  into  it.  Ovaries  were  sclerotic. 
Left  tube  contained  a  small  cyst  in  the  fimbriated  end. 

Aorta.  —  Both  thoracic  and  abdominal  portions  were  markedly  athero- 
matous. 

Bronchial  nodes.  — The  right  bronchial  nodes  were  transformed  into  an 
irregular  mass  greatly  infiltrated  by  lime  salts. 

Submaxillary  node  on  the  left  side  was  enlarged  and  carcinomatous. 

Supra-clavicular  node  on  the  left  side  was  enlarged  and  carcinomatous. 

MICROSCOPIC    EXAMINATION. 

Wrist. — The  surface  of  the  lesion  is  covered  by  a  mass 
made  up  of  pus  cells,  erythrocytes  and  fibrin,  with  here  and 
there  concentric  masses  of  keratinized  epithelium  resembling 
the  centers  of  epithelial  pearls. 

The  surface  epithelium  is  lacking  in  some  areas,  while 
elsewhere,  although  thinned,  it  possesses  many  irregular 
styloid-like  processes  extending  into  the  underlying  tissues. 

In  the  subcutaneous  area  are  many  cell  nests  that  vary 
greatly  in  size  and  shape.  The  peripheral  cells  in  these  nests 
are  columnar  in  shape  and  arrangement  and  possess  oval 
nuclei  that  stain  comparatively  deeply.  As  the  center  of  the 
nest  is  approached  the  arrangement  becomes  very  irregular, 
the  nuclei  become  larger,  lose  their  oval  shape  and  stain 
faintly.  In  other  instances  the  cells  and  nuclei  become  more 
elongated  and  flattened,  are  arranged  in  concentric  layers 
and  finally  become  transformed  into  masses  of  keratin. 
Between  the  cell  nests  are  found  many  acini  of  the  coil 
glands. 

There  is  also  a  very  extensive  round  cell  infiltration 
throughout  the  tissue.  The  blood  vessels  are  quite  numer- 
ous   and    in    many    instances    their    walls    are    considerably 


4^0  3Co:    »ELL- 

th::kened.  The  cell  sests  arc  separated  from  each  other  bv 
well  marked  area*  s*  connective  tissue.  There  is  a  large 
ac^r.:  of  elastic  t'ssje  fibers  and  fragments  at  the  periph- 
ery of  the  ^r-.wth.  hut  it  decreases  sreatlv  toward  the  central 
area. 

Lip. — The  specimen  includes  both  skin  and  mucous  mem- 
brane. The  surface  is  covered  bv  a  th:n  laver  of  an  exudate 
composed  of  o-s  cells,  ervthroevtes.  and  fibrin,  exceoting  to 
one  side  where  the  surface  epithelium  remains.  Thi*  latter 
sudder.Iv  increases  verv  great  I  v  in  thickness  and  sends  out 
prolongations  that  appear  to  be  directly  continuous  with  the 
underlying  cell  nests.  The  tissue  is  composed  of  innumer- 
able small,  narrow,  and  irregular  collections  of  ceils  separated 
bv  strands  of  adult  connective  tissue.  These  cells  differ 
extremely  In  regard  to  size,  shape,  and  staining  capacity. 
There  are  also  similar  differences  in  the  nuclei.  Some  cells 
have  undergone  a  slight  keratin  formation  but  no  epithelial 
pearls  were  found.  There  is  everywhere  an  extensive  infil- 
tration of  small  round  cells  and  polymorphonuclear  leuco- 
cytes. There  are  numerous  blood  vessels  but  excepting  in 
the  superficial  zone  there  is  not  much  congestion.  Not  many 
cells  undergoing  mitoses  were  found.  There  was  a  large 
amount  of  elastic  tissue  along  the  periphery  of  the  growth 
and  many  individual  fibers  scattered  throughout. 

Cheek.  — The  specimen  consists  of  a  great  many  irregular 
and  narrow  cell  nests  separated  from  each  other  by  a  very 
small  amount  of  connective  tissue.  There  are  marked  dif- 
ferences in  the  size  and  shape  of  the  cells,  particularly  in 
regard  to  the  nuclei.  These  latter  vary  extremely  in  size, 
shape,  and  staining  capacity.  All  degrees  of  staining  from 
very  deep  to  the  mere  shadowing  of  the  nuclear  wall  are 
found.  In  many  places  the  cell  protoplasm  has  stained  quite 
intensely  with  eosin,  although  the  cells  otherwise  seemed 
normal.  Some  cells  appear  vacuolated,  the  nuclei  having 
disappeared.  There  is  some  keratin  with  slight  attempts  at 
pearl  formation.     At  the  periphery  of  the  growth  are  many 
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muscle  fibers,  some  of  which  are  atrophic,  evidently  from 
pressure.  Fibers  can  also  be  demonstrated  that  have  been 
surrounded  by  the  infiltrating  tumor  cells.  Cells  undergoing 
division  are  not  infrequent.  In  a  few  areas  in  the  neighbor- 
hood of  the  muscle  fibers  there  is  seen  a  slight  round  cell 
infiltration.  The  blood  supply  is  good  and  some  congestion 
exists.  There  is  comparatively  little  elastic  tissue  anywhere 
in  the  specimen.  That  which  is  present  is  found  at  the  mar- 
gin of  the  cancerous  nodule.  Within  the  tumor  mass  the 
elastic  tissue  is  almost  completely  absent,  although  there  is  a 
considerable  amount  of  connective  tissue.  There  are  no 
traces  anywhere  of  glandular  or  lymphoid  tissue. 

Sub-maxillary  lymph  node  (left). — The  lymphoid  struct- 
ure has  almost  completely  disappeared  excepting  here  and 
there  along  the  periphery  adjacent  to  the  capsule.  The 
specimen  is  made  up  of  a  very  extensive  but  irregular  dis- 
tribution of  solitary  cells  and  cell  nests  separated  by  very 
little  connective  tissue.  There  is  a  very  great  difference  in 
size,  shape,  and  staining  capacity  of  both  cells  and  nuclei. 
In  many  cells  the  protoplasm  stains  quite  deeply  with  eosin. 
Many  vacuolated  cells  are  found.  The  blood  vessels  are  not 
very  large  or  numerous,  nor  do  they  show  much  congestion. 
A  few  fibers  of  elastic  tissue  are  found  in  the  periphery  near 
the  capsule  and  also  a  few  isolated  masses  within  the  tumor 
growth. 

Supra-clavicular  node  (left).  —  In  this  specimen  there  is 

• 

nothing  left  showing  the  nature  of  the  tissue  excepting  one 
small  area  of  lymph  cells  and  a  thin  connective  tissue  cap- 
sule surrounding  the  growth.  The  lymphoid  tissue  has  been 
replaced  by  a  mass  of  cells  varying  greatly  in  size  and  shape. 
The  nuclei  also  differ  greatly  in  their  reaction  to  the  stain, 
some  taking  it  very  deeply  while  others  very  faintly.  There 
is  very  little  connective  tissue  present ;  in  many  places  it  is 
apparently  absent.  Near  the  center  of  the  specimen  are 
several  large  areas  of  evidently  degenerated  tissue.  They 
appear  granular  and  although  the  general  arrangement  can 
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be  made  out  yet  no  details  are  distinguishable.  In  these 
same  areas  are  what  appear  to  be  acini  lined  by  a  layer  of 
tumor  cells.  In  these  openings  are  found  granules  and  cells 
in  varying  stages  of  degeneration.  The  impression  made  is 
that  they  are  not  true  acini  but  are  areas  in  which  there  has 
been  a  marked  degeneration  of  the  cells  with  absorption.  In 
one  small  area  in  which  there  are  numerous  epithelioid  cells 
are  two  very  large  masses  of  protoplasm  in  which  is  a  great 
number  of  long  oval  nuclei  situated  chiefly  near  the  periphery. 
These  are  apparently  tuberculous  giant  cells.  The  elastic 
tissue  has  disappeared  except  at  the  periphery  in  the  cap- 
sule, there  being  none  in  the  tumor  tissue. 

Stomach.  —  The  surface  of  the  specimen  is  covered  by  a 
rather  thick  layer  of  necrotic  tissue  throughout  which  are 
found  great  numbers  and  masses  of  long  mycelia-like  struct- 
ures.    No  bodies  resembling  spores  were  seen.     Are  prob- 
ably saprophytes.     There  were  also  present  great  numbers 
of  pus  cells  and  lymphocytes.     The   tumor  tissue   is  com- 
posed almost  entirely  of  cells,  the  connective  tissue  existing 
merely  as  a  few  fine  strands  and  fragments  scattered  irregu- 
larly.    There  is  no  definite  alveolar  arrangement,  although  in 
a  few  places   the  fibrous  strands  apparently  enclose  a  few 
cells  within  an  opening.     The  connective   tissue    could  be 
distinguished  only  by  the  aid  of  Mallory's  stain.     The  cells 
composing  the  neoplastic  tissue  show  extreme  polymorphism 
and   variation   in    size.     The    nuclei    may   be    round,   oval, 
indented  or  very  irregular.     As  a  rule  most  of  them  stain 
chiefly  at  the  periphery  but  many  take  the  stain  quite  uni- 
formly.    In    some  are  found  one  or  more    deeply    staining 
bodies.     The  amount  of  protoplasm  surrounding  the  nuclei 
is  not  very  great  in  the  majority  of  instances  but,  in  some, 
forms  the  greater  part  of  the  cell.     Many    cells  are  found 
which  contain  two  or  more  nuclei.     In  some  places  are  seen 
nuclei  that  are  apparently  undergoing  division  as  indicated 
by  the  irregular  arrangement  and  the  deep  staining  of  the 
chromatin.     The  tumor  cells    have   infiltrated    between   the 
muscle    bands  of  the  stomach  wall,  have  widely  separated 
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them  and  in  many  places  completely  destroyed  the  fibers. 
In  a  Tew  places  the  cells  are  found  within  the  connective 
tissue  covering  of  the  stomach.  Many  blood  vessels  are 
found  throughout  the  tissue,  some  being  quite  large.  The 
larger  ones  have  distinct  endothelial  walls,  but  the  smaller 
vessels  are  very  incompletely  formed.  In  many  instances 
no  endothelial  lining  can  be  distinguished.  The  entire  speci- 
men is  everywhere  greatly  infiltrated  with  lymphocytes. 
There  is  a  small  amount  of  elastic  tissue  in  the  remnant  of 
the  stomach  wall,  but  not  in  the  tumor  mass. 

Gastric  lymph  node.  —  In  the  greater  part  of  the  node 
there  is  no  lymphoid  tissue  remaining  except  in  the  periph- 
eral zone  close  to  the  capsule.  The  new  cells  seem  to 
have  destroyed  the  original  tissue ;  there  being  a  compara- 
tively sharp  demarcation  at  the  junction  of  the  two  forms. 
The  new  growth  is  composed  of  cells  whose  nuclei  differ 
greatly  in  size  and  staining  capacity.  There  is  not  as  great 
a  difference  in  shape  as  in  the  stomach  tumor.  The  nuclei 
are  comparatively  round  or  oval  and  occasionally  irregular, 
many  stain  but  slightly  while  others  are  deeply  colored. 
Here  and  there  are  found  cells  eight  to  ten  times  the  size  of 
most.  The  nuclei  in  them  are  very  irregular  and  stain 
deeply.  A  few  multinucleated  cells  are  present.  The  amount 
of  protoplasm  in  the  cells  is  rather  large.  The  amount  of 
connective  tissue  is  very  slight  and  nowhere  can  an  alveolar 
arrangement  be  seen.  A  few  fibers  between  the  cells  can  be 
made  out  with  Mallory's  stain.  There  are  many  blood  vessels, 
the  larger  ones  having  distinct  walls  of  endothelium  which 
are  lacking  in  the  smaller.  In  one  portion  of  the  node  there 
has  been  a  very  extensive  hyaline  degeneration  of  the  con- 
nective tissue  reticulum.  In  this  area  there  are  no  tumor 
cells,  the  tissue  being  composed  of  lymphoid  cells.  There 
are  also  found  several  arrangements  resembling  tuberculous 
giant  cells.  There  is  a  ring  of  oval  or  round  nuclei  situated 
at  the  periphery  enclosing  a  slightly  granular  center  that 
stains  with  eosin.  In  one  section  there  was  found  one  acid 
fast   bacillus.     A    few    epithelioid    cells    are    present  in  the 
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neighborhood  of  the  giant  cells.  A  small  amount  of  elastic 
tissue  is  present  in  the  periphery  underneath  the  capsule, 
but  none  amongst  the  tumor  cells. 

Liver.  —  The  liver  tissue  shows  much  congestion  and  also 
cloudy  swelling.     In   many  places   it   has    been  completely 
replaced  by  a  cellular  mass  in  which  there  can  be  seen,  here 
and  there,  a  few  isolated  liver  cells.     The  tumor  cells  vary 
greatly  in  size  and  shape.     The  nuclei  also  differ  very  much 
not  only  in  size  and  shape  but  in  their  reaction  to  the  stain. 
In  many  there  are  found  small  very  deeply  staining  spots. 
Many  of  the  larger  cells  contain  two  or  more  nuclei  and,  in 
some,  evidences  of   mitoses  can   be  seen.     The  amount  of 
protoplasm  varies  greatly,  in  some  cases  there  is  a  very  slight 
rim  while  in  others  it  forms  a  large  mass.     With  Mallory's 
stain  a  few  fine  fibers  of  connective  tissue  can  be  seen  here 
and    there,  but    little   if   any  true    alveolar  arrangement    is 
present.     In    the   capsule  of   Glisson    between   the    lobules 
there  is  noted  a  very  cellular  infiltration,  most  of  these  cells 
resembling  those  found  in  the  larger  cellular  areas,  but  there 
are  many  that  resemble  "lymphocytes.     Numerous  neoplastic 
cells  occur  widely  distributed  throughout  the   liver  in  the 
capillaries.     They    can    be    readily    distinguished    from    the 
other  ceHs.     There  is  also  a  slight  hyperplasia  of  the  bile 
ducts,    some    of    which    show    considerable    dilatation.     No 
elastic  tissue  except  that  which  surrounds  the  structures  in 
the  capsule  of  Glisson  was  found. 

The  conditions  present  in  this  case  would  seem  to  indicate 
that  it  was  one  of  multiple  primary  tumors.  According  to 
the  history  the  lesions  of  the  lip  and  the  wrist  appeared 
simultaneously.  In  addition  there  were  found  a  fibroma  of 
the  uterus  and  a  multiple  tumor  formation  of  the  stomach. 

In  regard  to  the  gastric  growth  there  are  practically  three 
possibilities  as  to  its  nature ;  it  might  be  a  primary  sarcoma, 
a  primary  or  a  secondary  carcinoma. 

The  microscopic  examination  of  sections  from  the  stom- 
ach, gastric  lymph  nodes,  and  liver  reveals  a  structure  that 
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very  closely  resembles  that  of  sarcoma.  The  tissue  is 
extremely  cellular  in  type,  there  being  in  fact  no  discernible 
connective  tissue  fibers  that  in  any  way  form  alveoli.  In 
between  the  cells  can  be  found  fine  fibrils  of  connective 
tissue  extending  in  all  directions.  Furthermore,  in  all  these 
organs  there  are  found  many  vascular  spaces  whose  walls  are 
formed  either  by  the  neoplastic  cells  or  by  an  incomplete 
lining  of  endothelium.  One,  however,  gets  the  impression 
that  the  cells  do  not  resemble  those  that  are  usually  found 
in  sarcoma,  they  appear  more  like  those  of  epithelial  origin. 
The  second  possibility  is  that  the  lesion  is  secondary  in 
character  and  the  result  of  implantation  metastases  from 
the  primary  growth  on  the  lip.  In  support  of  this  view 
the  following  can  be  stated.  As  has  been  shown  by  Moore1 
and  Palmer2  and  by  a  series  of  examinations  made  by 
myself,  there  is  a  marked  reduction  or  even  absence  of  hydro- 
chloric acid  in  the  stomach  in  cases  of  carcinoma  of  other  parts 
of  the  body.  The  lip  lesion  was  much  ulcerated,  communi- 
cating with  the  inner  mucous  membcane,  and  consequently 
many  particles  of  the  carcinomatous  tissue  must  have  been 
constantly  swallowed.  These  cells  finding  conditions  in  the 
stomach  not  unfavorable  gaintd  lodgment  and  grew.  This 
would  be  indicated  by  the  practically  similar  size  of  several, 
about  three,  of  the  lesions.  There  are,  however,  certain 
points  that  would  incline  toward  a  primary  origin  in  the 
stomach.  Out  of  two  hundred  and  one  autopsies  performed 
in  the  Middlesex  Hospital,  London,8  on  cases  of  carcinoma 
of  the  lip,  mouth,  and  tongue,  there  were  found  no  second- 
ary deposits  in  the  stomach.  Out  of  one  hundred  and 
thirty-four  autopsies  at  the  same  hospital  for  carcinoma  of 
the  lower  pharynx  and  esophagus  there  were  twenty-seven 
cases  of  secondary  growths  in  the  stomach  and  intestine; 
thirteen  of  the  gastric  tumors  were  the  result  of  extension. 
The  location  of  the  other  fourteen  is  not  given.  Reutter4 
reports  a  case  of  double  carcinoma  of  the  esophagus  and 
stomach  in  a  man  of  sixty-eight  years.  Microscopic  exami- 
nation supported  his  contention  but  the  variety  of  the  growth 
is    not    given.     Kaufman    and    Borst5  both   mention  a  case 
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plasia of  the  cvhr.irical  ec:the.:-ts.  Futterer  *  has  shown  bv 
certa:n  cx>erirr.ents  that  there  can  occur  in  the  stomach  of 
raooits   a    metaplasia  of   the  columnar  epithehum  into  the 
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In  the  instances  of  secz>r:darv  growths  above  mentioned 
the  type  of  the  ordinal  tumor,  the  squamous  variety,  has 
been  reproduced  and  preserved  in  the  stomach.  In  this 
particular  case  now  under  discussion  there  has  not  been 
found  at  anv  time,  and  manv  sections  have  been  examined, 
a  trace  of  a  squamous  epithelial  structure.  There  is  no  nest 
formation,  no  epithelial  pearls  and  as  far  as  can  be.  deter- 
mined no  attempt  at  a  keratin  degeneration.  If  the  growths 
were  secondary  to  the  tumor  of  the  lip  some  traces  of  the 
original  structure  should  be  somewhere  found  in  the  stomach, 
gastric  nodes,  or  liver. 

The  final  claim  is  that  we  are  dealing  with  a  primary 
condition  of  the  stomach  with  metastases  to  the  adjacent 
lymph  nodes  and  liver.  The  fact  that  there  were  multiple 
nodules  in  the  stomach  does  not  necessarily  militate  against 
the  assumption  that  they  were  primary  in  origin.  According 
to  V.  Hanseman &  there  may  be  a  pleuracentric  origin  of 
malignant  growths.  Borst 10  in  speaking  of  carcinoma  of  the 
stomach  says  that  there  may  be  not  only  several  independent 
growths  in  that  organ  but  that  there  may  also  be  some  in  the 
intestine.  He  further  remarks ll  that  cases  of  multiple 
carcinoma  of  the  stomach  occur  and  that  they  probably 
result  from  metastases  along  the  submucous  lymphatics,  but 
may  be  due  to  implantations.  In  connection  with  this 
Kaufman  u  speaks  of  metastases  in  the  intestine  in  cases  of 
carcinoma  of  the  stomach  being  possibly  the  result  of 
implantations. 
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Although  the  microscopic  structure  appears  much  like 
sarcoma  it  is  probably  carcinomatous.  Kaufman 13  describes 
a  small  round  cell  carcinoma  of  the  stomach  in  the  following : 
11  the  infiltration  can  be  so  diffuse  that  the  alveolar  formation 
can  be  distinguished  only  at  the  periphery."  He  speaks  of 
one  case  that  he  saw  in  which  there  was  "  an  enormous  poly- 
morphism, small  and  large  cells  with  large  single  nuclei  and 
other  multinucleated  giant  cells  being  found  in  great  number, 
so  much  so  that  the  growth  could  easily  have  been  mistaken 
for  sarcoma  (the  latter,  however,  having  large  clear  nuclei)." 

From  the  above  it  would  seem  justifiable  to  consider  this ' 
case  one  of  multiple  primary  carcinoma  of  the  wrist,  lip,  and 
stomach. 

The  possibilities  of  the  lesions  being  either  leukemic  or 
tuberculous  were  also  considered.  It  did  not  seem  difficult 
to  rule  out  these.  There  were  no  general  enlargements  of 
the  lymph  nodes  and  the  spleen  was  small  and  atrophic, 
weighing  only  forty-five  grams. 

Sections  of  the  stomach,  gastric  nodes,  and  liver  were 
stained  for  tubercle  bacilli  and  with  one  exception  none  were 
found.  That  was  seen  in  the  gastric  node  in  the  area  that 
showed  distinct  tuberculous  changes,  none  in  the  neoplastic 
tissue. 

The  coincidence  of  the  carcinomatous  lesion  with  the 
tuberculous  changes  is  also  a  matter  of  interest  but  one  that 
cannot  at  present  be  discussed. 
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DESCRIPTION  OF  PLATE  XXIV. 

Fig.  1.  —  Multiple  primarj  carcinoma,  of  the  stomach  showing  nodules 
and  diffuse  in  filtration. 

Fig.  2.  —  Diffuse  secondarr  carcinomatous  iniiltration  of  the  itrer. 
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REPORT  OF  A   CASE   ASSOCIATED   WITH    MULTIPLE  NESTS  OF 
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CORD. 
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Visiting  Pathologist  to  the  Boston  City  Hospital ;  Pathologist  to  the  Massa- 
chusetts Infants  Asylum  and  the  Boston  Floating  Hospital?) 

{From  the  Pathological  Laboratory  of  the  Harvard  Medical  School.) 

Only  eleven  cases  of  undoubted  rhabdomyoma  of  the 
heart  have  been  published.  The  most  comprehensive  paper 
upon  this  subject  was  published  by  Seiffert 1  in  1900,  at 
which  time  nine  supposed  cases  were  on  record.  Seiffert 
rejected  four  of  these  cases;  those  of  Kantzow  and  Vir- 
chow,2  Skrzeczka,8  Rieder,4  and  Yusti.6  He  presented  one 
new  case  and  gave  a  careful  review  and  summary  of  all  the 
other  cases.  I  have  studied  the  original  reports  of  the 
rejected  cases  and  agree  with  Seiffert  in  the  opinion  that 
the  tumors  described  were  not  rhabdomyomata. 

Seiffert's  paper  clearly  showed  that  the  rhabdomyomata  of 
the  heart  are  all  of  one  type.  All  of  the  cases  collected  by 
him  have  agreed  very  closely  in  gross  appearances  and  in 
histological  structure. 

Since  the  publication  of  Seiffert's  paper  five  new  cases 
have  been  recorded.  The  case  which  I  shall  describe  is  the 
twelfth.  All  of  these  later  cases  (with  the  possible  excep- 
tion of  Rothe's,6  which  has  not  been  fully  reported),  including 
my  own,  are  similar  to  those  collected  by  Seiffert. 

It  seems  advisable  to  assemble  again  the  cases  of  rhabdo- 
myoma of  the  heart  because  of  the  additional  evidence  of 
their  congenital  nature,  their  association  with  diffuse  scleroses 
of  the  cerebral  cortex,  and  the  frequent  association  with  dis- 
turbances of  general  nutrition.  Each  new  case  is  therefore 
of  interest  from  the  casuistical  view-point. 

•  Received  for  publication  June  1, 1907. 
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In  the  studv  of  the  following  case  the  freshness  of  the 
tissues,  the  perfect  preservation  in  Zenker's  fixative  and 
especially  the  staining  methods  of  Mallory,7  have  been  of 
ereat  value  in  the  discovery  of  new  histological  details  and 
in  helping  to  decide  upon  the  correctness  of  previous  inter- 
pretations of  certain  structural  peculiarities  of  these  tumors. 

A  sketch  of  the  clinical  history  is  as  follows: 

Theresa  Mor.m:  a^.  tea  months:  bora  May  15.  1906.  There  wis 
.uT.bo-sacral  rac"":>ch  isis,  h;»droce?TaI*as»  aarahsisof  lower  half  of  track, 
sivT.cters  and  .ec*  rroni  ti.ue  or  _-:rTh.  A  successful  operation  was  done 
tor  t'te  sytza  bi^.ia  w'lea  twelve  cays  old  No  improvement  in  paralyses 
fo^owed ;  \e-v  slow  increase  o:  ir.  d-cce  halas.  Nine  days  before  death, 
entered  :>e  Vxssacnc^e::*  I r. rants  As.'**a  w::h  svntrtoms  0/  scorbutus 
vr  *v  ch  >>e  was  t-cated      IA:ec  suddenly  March  15.  IQC7. 

A-::.^   :>ree    ""vers   vo>t--rortem      Harvard   Medical   School  Series 

:vd\  of  a  rat.  hvd-\xe.-oa.\c.  ^nsale  :n£in:.  ei^hr%-nve  centimeters  long. 
K  ^/r  •'oc  *  present  ;n  *a*s  aid  ar~i:>:  rcdy  hear  present.  The  head  is 
3M"  v„v.  \    e:a'i*d       T.te  frcnral  eminences  are  rerv   trronalnent.     The 

*n  or  t"^  "vad  ^i-e*  ccrvircs -"-.mi  xcove  the  level  of  tre  ears.  Cir- 
i.vc:  -vita.  ,*-  re-ces^  xrr  ~n;ne  centi-aeters;  iron:  glabella 
to  <  x— or  \\  -  :i"  cr*c*ccerino?.  :*  -r  -"E-.e  centi-neters :  between  external 
x-o  :cr\  -~*a.  .  ;»  t--tw,e  cent  -rirrrs.  Vie  an re-tor  a: nrxnede  is  tense 
ii:  c.  -:^  «\-*  >-  c.v  •  T  *e  >i  :  i  1  ^.'crs.*.  porcelain  white.  The 
e^s.  x:c  a-"**  a~e  <•  *••  ~e:_  ex.  .*  e  *  a~c^-  **"-  -ee"?  creases  at  el-ows. 
*-#^c<.    *c;     \i    \\c>*  \:«#»i:or.\'is     Vte  r-jc^srence  ?c  rolrationis 

*  -  -         ,  .  * 

fc  ..  ■"        ■  * 


k         >> 


^   *  ♦**        ••»     »        «^ 


^t    s:v-::  -■:  :e  ct;  ir.-rrerers:  «r  n.r:cr  am 


\  -  $    t-^    i«;.a..    :v-^e    n necers  :n     i^i^reter. 

L*.*    * -n       "\'7!    a.-?   ■■•cr    ::c:^:r   re-ti       Tie  c  "=* 
1  *«v.        v-,»  v%  *       •  ^-      •.;  scr*  :  t    >*;■;!    l:c   ^.ltX"^c:  "acre  zLir%.ci.: 

^»»v  v         «^  .»>»i         »^.^  '»>r     «4.  a    „•«».     Am.    .  ITT     ,  d^C     *  .C3.    ^— C    ^—  — • 

*-,*  v  „•  .  **    >  1    *  *. ;-    *  .:  .  .e   ¥"»  r^  r.car~.T.  "f'e  cefi*-Trettrs 
••  .*i  -s.:--~.  \    >   *-i  t    vu.ii;  rj  re  ,*cea-     T'^e  rscs.es 


*»        %* 


**       **  * 
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Mesenteric  nodes  are  very  prominent;  pale  and  firm.  On  section  are 
uniformly  pale  pinkish  yellow,  the  largest  are  about  one  centimeter  in 
diameter.  Appendix  is  three  centimeters  long,  directed  upwards  and 
inwards  and  has  a  mesentery  to  its  tip.     Fold  of  Treves  present. 

Chest. — The  thymus  is  small,  represented  by  two  rather  broad,  thin 
lobes  of  loose  textured,  soft,  tabulated  gray  tissue.  Extends  upwards  one 
centimeter  above  innominate  vein;  inferiorly  it  reaches  half  way  down 
over  pericardium.     Weight,  four  grams. 

Pleural  cavities.  — Normal.    No  adhesions ;  no  free  liquid. 

Pericardial  cavity.  —  Normal ;  contains  about  three  cubic  centimeters  of 
clear,  very  pale  yellow  liquid.     The  ductus  arteriosus  is  closed. 

Heart.  —  Weight,  72.5  grams.  Very  large.  Pulmonary 
artery  opened  in  situ  contains  much  dark  red  liquid  blood 
and  a  small  amount  of  cruor  and  chicken  fat  clot.  The  right 
ventricle  is  markedly  distended  with  liquid  blood,  and  cruor 
clot.  The  left  ventricle  contains  a  small  amount  of  elastic 
grayish,  non-adherent  clot.  In  the  right  ventricle,  below  the 
posterior  segment  of  the  pulmonary  valve,  is  a  spherical 
tumor,  1.7  centimeters  in  diameter.  It  is  attached  to  the. 
papillary  muscles  of  the  left  anterior  segment  of  the  tricuspid 
valve.  From  the  right  side  of  the  tumor  mass  a  group  of 
cordae  tendinae  emerge  to  become  attached  to  the  right 
anterior  segment  of  the  tricuspid  valve.  The  tumor  thus 
takes  origin  from  the  interventricular  septum.  The  tumor 
on  the  upper  surface  has  an  indentation  forming  a  small 
mound-like  projection,  four  millimeters  in  diameter.  The 
color  is  grayish  red  and  several  shades  lighter  than  the 
myocardium.  Consistence  is  firm  and  elastic.  On  section 
the  surfaces  appear  very  slightly  translucent.  The  tumor 
extends  into  the  myocardium  for  a  depth  of  three  or  four 
millimeters,  so  that  the  real  shape  is  ovoid.  The  long 
diameter  is  two  centimeters.  It  is  sharply  separated  from  the 
myocardium  by  a  pale  whitish  line.  The  distance  below 
the  level  of  the  pulmonary  valve  is  three  millimeters.  The 
position  of  the  tumor,  in  relation  to  the  tricuspid  valve,  is 
directly  opposite  the  junction  of  the  right  and  left  anterior 
segments  (Fig.  1).  The  left  side  of  the  heart  is  markedly 
dilated.  Length  from  auriculo-ventricular  groove  to  apex  is 
six  centimeters.   The  greatest  breadth  is  six  centimeters.    The 
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papillary  muscles  are  markedly  hypertrophied.  The  left  side 
of  the  heart  is  small.  Valves  and  endocardium  are  normal. 
Foramen  ovale  is  closed.  Myocardium  is  firm,  brownish  red. 
There  are  a  few  injected  points  over  external  surface  of  auric- 
ular appendages  and  at  base  of  pulmonary  artery. 
Measurements:  Tricuspid  valve,  5.2  centimeters. 

Pulmonary  valve,  4.6  centimeters. 
Mitral  valve,  4  centimeters. 
Aortic  valve,  3.3  centimeters. 
Left  ventricle,  thickness  of  wall,  .6  centi- 
meter. 
Right  ventricle,  thickness  of  wall,  .5  centi- 
meter. 

Lungs.  —  Both  lungs  are  similar  in  appearance;  are  pale  pink;  of 
slightly  increased  consistency  and  crepitant  throughout.  At  posterior 
borders  there  are  a  few  dark  red  punctate  areas.  On  section  cut  surfaces 
are  moist  and  yield  a  large  amount  of  dark  red  liquid  blood.  Both  lungs 
are  air-containing  throughout.  Section  of  dark  red  punctate  areas  show 
miliary  sized  dark  recHoci.  Bronchi  and  vessels  are  normal.  Bronchial 
nodes  are  not  remarkable. 

Spleen.  —  Weight,  thirty-seven  grams.  Dark  red.  Consistency  firm 
and  elastic.  Capsule  smooth  and  glistening.  On  section  cut  surfaces  are 
dark  red  and  smooth.  Glomeruli  and  trabecular  visible.  In  the  gastro- 
splenic  omentum  is  a  small  accessory  spleen  .5  centimeter  in  diameter. 

Gastrointestinal  tract.  —  Normal.  Mucosa  is  everywhere  pale.  Stomach 
contains  a  small  quantity  of  acid  smelling  liquid.  Pylorus,  1.8  centimeters 
in  circumference.  Contents  of  duodenum  are  smooth  and  bile  tinged. 
The  small  intestines  contain  a  very  small  amount  of  non-offensive,  pasty, 
yellowish  material.  The  colon  contains  a  small  amount  of  smooth  green- 
ish yellow  non-offensive  feces. 

Pancreas. —  Normal.  Grayish  pink  and  firm  with  well  defined  borders 
and  lobulations. 

Liver.  —  Weight,  three  hundred  and  eleven  grams.  Brownish  red  in 
color.  Surfaces  smooth;  consistency  normal.  On  section  lobulation  not 
visible.  Gall  bladder  contains  a  small  amount  of  transparent,  greenish 
bile.     Ducts  are  patent. 

Kidneys.  —  Weight,  81.5  grams.  Are  large.  Ureters  are  dilated. 
Surfaces  are  injected.  On  section  pelves  of  kidneys  contain  thin,  turbid 
liquid.  Both  poles  of  both  kidneys  are  mottled  dark  red  and  yellow.  Cut 
surfaces  show  radial  yellow  streaks  surrounded  by  narrow  injected  zones. 
These  are  found  throughout  the  substances  of  both  kidneys  but  are  most 
marked  at  the  poles.  Cortex  pale,  rather  opaque  gray  with  injected 
radial  vessels.     The  pyramids  are  deep  red  and  contain  many  yellow 
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streaks  and  dots.  The  pelves  are  deeply  injected.  The  ureters  are 
injected  and  contain  yellow  turbid  liquid.  The  bladder  is  contracted  and 
contains  a  very  small  amount  of  yellowish  turbid  liquid.  The  mucosa  is 
thrown  into  vertical,  dark  red,  velvety  folds. 

Adrenals.  —  Normal. 

Aorta.  —  Normal. 

Retroperitoneal  lymph  nodes.  —  Are  large,  pale  and  firm.  Are  particu- 
larly abundant  along  aorta  and  below  coeliac  axis. 

Thoracic  tract.  —  Normal. 

Organs  of  neck.  —  Not  removed. 

Bones.  —  Costo-chondral  junctions  are  markedly  enlarged.  Sections 
show  soft  red  areas  in  the  bone  adjacent  to  line  of  cartilage  and  bone 
junction.  The  muscles  of  the  thighs  are  edematous  and  of  brawny  con- 
sistency. The  deep  layers  are  stained  yellowish  and  red.  On  incising  to 
obtain  bone  marrow  the  periosteum  is  found  separated  from  the  bone  by  a 
layer  of  dark  red  blood  clot.  The  left  femur  removed  entire ;  hardened 
in  Kaiserling.  Frontal  section  made.  The  periosteum  is  everywhere 
separated  from  the  bone  by  a  layer  of  soft  blood  clot,  thickest  at  lower  end 
just  above  epiphysis  and  here  the  layer  of  clot  is  one  centimeter  deep.  It 
gradually  decreases  in  width  to  the  upper  epiphysis  where  the  periosteum 
lies  in  contact  with  the  bone.  The  lower  end  of  the  shaft  is  severed  from 
the  cartilage  at  the  epiphyseal  line  by  a  narrow  hemorrhagic  zone.  The 
upper  end  of  the  shaft  is  trabeculated  and  dark  red.  The  marrow  is  very 
abundant  and  completely  fills  the  shaft ;  is  opaque  pinkish  gray  in  color. 
The  center  of  ossification,  in  the  head,  is  three  millimeters  in  diameter; 
the  lower  center  is  fourteen  millimeters  transversely;  eight  millimeters 
vertically.     The  upper  edge  of  the  latter  is  dark,  hemorrhagic  in  places. 

Head.  —  Hair  very  pale ;  rather  coarse  in  texture  and  sparse.  Over  the 
posterior  vertex  the  scalp  is  nearly  denuded  of  hair.  The  hair  here  is 
very  short ;  in  places  visible  as  dark  points,  giving  the  effect  of  having 
been  closely  clipped  or  recently  shaven.  The  scalp  is  normal.  Fat  layer 
is  two  to  three  millimeters  deep.  The  anterior  fontanel le  measures  eight 
by  three  centimeters.  Posterior  fontanelle  closed.  Frontal  suture  is 
united  inferiorly ;  the  upper  half  is  ununited.  Other  sutures  are  ununited. 
The  edges  of  the  lambdoidal  and  coronal  sutures  are  deep  red.  Bones  of 
calvarium  are  thin  and  brittle.  Sinuses  are  normal.  Dura  normal,  strips 
readily  from  calvarium  and  base  of  skull.  There  is  a  very  large  amount 
of  clear  liquid,  one  to  one  and  a  half  centimeters  deep,  between  pia  and 
dura.     The  pia  is  normal. 

Brain,  consistency  of  the  tissue  is  firm ;  the  hemispheres  as  a  whole 
are  fluctuant.  The  convolutions  appear  to  be  very  numerous  and  small. 
The  sulci  are  broad.  The  appearance  differs  markedly  from  the  normal 
brain  in  apparent  number  and  smallness  of  size  of  the  convolutions. 
Brain  hardened  in  toto  in  ten  per  cent  formalin .  for  future  study.  Exami- 
nation of  hardened  brain  shows  apparent  smallness  and  number  of  the 
gyri  to  be  due  to  vascular  grooves;  this  becomes  apparent  after  strip- 
ping  the  pia.     The   lateral,   third  and   fourth   ventricles  are   markedly 
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lated.  The  roof  of  the  fourth  ventricle  posterior  to  the  cerebellar 
■  ■!.,  posterior  velum  interpositum)  bulges  outwards.  Section  shows  in 
Jparent  excessive  amount  of  choroid  plexus. 

Middle  ears.  —  Normal. 

Spinal  cord.  —  The  spinal  cord  above  tenth  dorsal  vertebra  removed 
asreriorly  by  sawing  through  lamina:.  This  portion  of  the  cord  is  ot 
litbrmly  firm  consistence.  The  dura  is  loose,  normal.  On  the  dorsal 
irtace  of  the  cervical  enlargement  are  many  minute,  barely  visible,  trans- 
icent  elevations,  giving  a  finely  sanded  appearance  to  the  pia-arachnoid. 
bthing  abnormal  found  on  section  of  the  cord.  The  spine  below  the 
nth  dorsal  vertebra  including  sacrum  and  coccyx  removed  in  toto.  The 
lina!  canal  and  sacrum  are  exposed  by  removing  the  anterior  wall  and 
try  careiul  sectioning  of  the  laminae.  The  dorsal  surfaces  of  the  upper 
ill"  of  the  sacrum,  the  fifth  and  possibly  fourth  lumbar  vertebra-  an  open, 
he  coccyx  and  tip  of  sacrum  are  closed.  The  open  portion  of  the 
icrum  apparently  is  that  portion  formed  by  the  two  upper  se«=ents. 
pposite  this  on  the  dorsal  surface  the  cord  runs  into  a  canty  ir-'z\ 
ree  centimeters  in  diameter.  This  cavity  is  lined  with  a  peariy  »=l:e 
id  pink  membrane.  The  cord  fuses  into  the  upper  dorsal  portion  The 
ameter  of  the  cord  at  this  point  is  about  half  that  of  the  mid-dorsaJ  cord, 
he  wall  of  the  sac  is  traversed  by  numerous  small  nerves  coniizg  from 
■rd  and  from  a  terminal  filament  which  runs  into  the  mid^ae  of  dorsal 
rface  of  sac.     Gross  specimens  saved  in  Kaiserliug. 

ANATOMICAL  DIAGNOSES. 

Intern.)!  and  external  hydrocephalus:  lumbosacral  rachUchLsis  :  acite 
stitis;  p\elone|ihr;Us :  rhabdomyoma  of  heart:  pulmonary  stenosis; 
cuspid  insufficient:)  :  scorbutus. 

MICROSCOPIC    EXAMINATION. 

Heart   muscle    from  wall  of  left   ventricle  including  one  of    posterior 

oup  of  papillary  muscles.     Negative. 

Lung.  —  Moderately  injected.  Large  groups  of  alveoli  are  HiiL  w::*s 
i  blood  corpuscles  and  compact  granular  or  reticular  masses  o:  ~y±iae 
iterial  which  stain  deeply  with  eo>in.  The  proportions  c:  hyi^at 
iterial  and  corpuscles  vary.     In  many  alveoli  where  both    axe   ;resc=: 

tining  eosinophilic  granules.  Various  stages  of  cisi=:e*rat::;:;  c:  ±e 
1  corpuscles  ma',  be  seen  ar.d  it  is  evident  that  the  hia.;^e  mater-al  s 
rived  from  the  red  corpuscles.  The  cellular  reaction  :n  t~*  alveciar 
.lis  corresponds  with  the  a^-e  of  the  processes  in  the  izdi—.z-^tl  a-vr:^. 
le  alveolar  wails  in  general  are  thLker.ec.  Where  the  alveo'J  re-auia 
ieti'-'  red  L,lood  corpuscles  ar.i  i^'ltly  jta.:::-;  hya.:=e  material  irc-T  are 

al    or   rour.d   vesicular   nuclei  wi;l~:n   the  capillaries  accl    beneath    t=e 
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abundant,  basic  staining  protoplasm  and  nuclei  characteristic  of  the  lymph- 
oid series,  i.e.,  with  peripherally  arranged  chromatin  granules.  In 
alveoli  which  contain  compact  deeply  staining  masses  of  hyaline  material, 
there  is  also  occasionally  actual  fibrous  tissue  increase  in  the  alveolar 
walls,  demonstrated  by  the  phosphotungstic  acid  hematein  stain.  All  of 
the  alveoli  containing  foreign  material  contain  also  many  large  mononuc- 
lear phagocytic  cells,  surrounding  and  invading  the  hyaline  material. 
These  phagocytic  cells  are  very  large,  ameboid  in  shape,  many  contain 
hyaline  droplets  stained  with  eosin,  a  few  contain  small  amounts  of  dark 
brown  granular  pigment.  There  are  a  very  few  cells  with  two  and  three 
nuclei.  A  few  poly  nuclear  leucocytes  are  in  the  alveoli  and  vessel  walls. 
There  are  numerous  atelectatic  alveoli  with  thickened  walls,  and  filled 
with  large  vacuolated  phagocytic  cells  which  contain  hyaline  material  and 
brown  granular  pigment.  The  alveolar  walls  in  such  places  contain  many 
large  irregularly  polyhedral  cells  with  basic  staining  protoplasm  and  large 
nuclei  with  a  coarse  basic  staining  reticulum  and  peripherally  arranged 
protoplasm.    These  cells  resemble  certain  myelocytes  in  the  bone  marrow. 

The  larger  blood  vessels  are  normal,  and  contain  normal  blood. 

Bronchi  are  normal. 

Spleen.  —  Markedly  injected.  No  hemorrhages.  The  follicles  are 
numerous,  of  fair  size.  The  centers  are  occupied  by  a  coarse,  connective 
tissue  reticulum  in  which  are  a  very  few  lymphoid  and  large  pale  often 
degenerated  cells  resembling  endothelial  cells.  The  lymphoid  tissue  is 
thus  actually  reduced  in  amount.  The  pulp  contains  numerous  lympho- 
cytes with  abundant  basic  staining  protoplasm  and  nuclei  like  those  of 
plasma  cells.  A  few  of  these  cells  show  mitotic  nuclei.  There  is  a  small 
amount  of  pale  brown  granular  pigment  in  the  cells  lining  the  sinuses  and 
about  the  trabecular.     Vessels  and  capsule  are  normal. 

Liver.  —  Moderately  injected.  Fat  vacuolation  not  evident.  Liver 
cells  contain  a  very  small  amount  of  pale  brown  granular  pigment.  There 
are  a  few  small  areas  of  necrosis  scattered  without  special  localization  in 
the  lobules.  The  smallest  areas  consist  of  a  few  poorly  staining,  vacuo- 
lated liver  cells  containing  hyaline  droplets;  the  larger  areas  contain  a 
fibrin-like  reticulum  and  many  polynuclear  leucocytes.  The  sinuses 
throughout  the  liver  contain  occasional  cells  resembling  myelocytes  and 
which  have  little  granular  basic  staining  protoplasm  and  large  vesicular 
nuclei  containing  a  coarse  reticulum  and  large  irregularly  arranged 
chromatin  granules. 
.  Gall  bladder.  —  Negative. 

Pancreas.  —  Negative. 

Small  intestine.  —  Negative. 

Colon.  —  Negative. 

Appendix.  —  Negative. 

Kidney.  —  Markedly  injected.  There  are  many  large  foci  of  suppura- 
tion consisting  of  compact  masses  of  leucocytes  and  remnants  of  kidney 
structure  These  foci  are  situated  in  both  cortex  and  medulla.  Some 
are  elongated  and  extend  from   medulla  to  cortex.     The  leucocytes  are 
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largely  polymorphonuclear;  there  are  also  many  larger  neutral  staining 
cells  with  indented  or  lobated  nuclei.  There  is  marked  cloudy  swelling 
of  the  kidney  tissue  remote  from  the  necrotic  foci.  Many  tubules  in  the 
tissue  adjacent  to  the  abscesses  are  packed  with  polynuclear  leucocytes. 
In  the  pyramids  there  are  large  collections  of  lymphoid  and  plasma  cells 
in  the  interstitial  tissue.  There  are  similar  collections  about  the  blood 
vessels.  Portions  of  the  cortex  show  but  slight  change  in  the  tubules 
while  the  glomeruli  are  often  normal,  though  of  infantile  type.  The 
pelvic  epithelium  is  infiltrated  with  polynuclear  leucocytes.  The  under- 
lying tissue  is  edematous  and  infiltrated  with  polynuclear  leucocytes, 
lymphoid  and  plasma  cells. 

Adrenal.  —  Negative. 

Urinary  bladder.  —  The  sub  mucosa  is  edematous  in  places  and  is 
infiltrated  with  lymphoid  and  plasma  cells  and  a  few  polynuclear  leuco- 
cytes. In  places  there  are  hemorrhages  just  beneath  the  mucosa,  which 
itself  contains  many  red  blood  corpuscles  between  the  epithelial  cells. 

Skin  and  fat  tissue  from  abdomen.  —  Epidermis  and  corium  are  nega- 
tive.    The  fat  cells  are  those  of  normal  fat  tissue. 

Ovary.  —  Contains  many  primitive  ova  and  a  few  Graffian  follicles 
which  are  visible  to  the  unaided  eye  and  about  .5  millimeter  in  diameter. 

Marrow  from  femur.  —  Very  cellular  with  evidences  of  great  erythro- 
blastic and  leucoblastic  activity.     Not  otherwise  remarkable. 

Aorta.  —  A  section  taken  from  thoracic  portion  just  below  the  arch 
shows  a  thickening  and  degeneration  of  the  intima  for  about  a  third  of  the 
circumference.  The  thickened  intima  in  places  has  diffuse  basic  staining 
areas  with  loss  of  detail  in  the  cells.  There  are  also  a  few  areas  with  a 
loose  bluish  staining  fibrous  meshwork  among  which  are  a  few  active  con- 
nective tissue  cells.  The  media  shows  slight  hyaline  change  of  smooth 
muscle  fibers  in  a  few  places  beneath  the  thickened  intima. 

Lymph  nodes.  —  From  mesentery  and  along  aorta  show  a  moderate 
degree  of  activity. 

Thymus.  —  Contains  fewer  cells  than  is  normal  at  this  age*.  The 
differentiation  of  cortex  and  medulla  is  absent.  The  Hassal  bodies  are 
not  remarkable  in  number  or  structure. 

Costochondral  junction.  —  The  line  between  cartilage  and  bone  is  very 
irregular.  In  places  the  cartilage  has  been  replaced  by  a  loose  reticular 
tissue,  resembling  embryonic  connective  tissue,  without  the  formation  of 
osteoid  tissue.  There  is  no  definite  layer  of  cortical  bone  close  to  the 
cartilage ;  the  inner  layer  of  the  periosteum  is  active  and  contains  irregu- 
larly arranged  trabecular  of  osteoid  tissue,  some  parallel,  others  perpendic- 
ular to  the  long  axis  of  the  shaft.  In  the  medulla  of  the  bone  are  large 
areas  of  hemorrhage.  Portions  of  these  areas  are  of  long  duration  and 
contain  many  brown  pigmented  cells.  Into  these  areas  and  at  the  periph- 
ery there  are  irregularly  arranged  deposits  of  osteoid  tissue  and  occa- 
sional nests  of  cartilage  with  osteoid  tissue  forming  at  the  peripheries. 

Periosteum  and  cortex  of  femur.  —  The  clot  separating  the  periosteum 
from  the  bone  consists  almost  wholly  of  red  blood  corpuscles  with  very 
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little  fibrin  and  hyaline  material.  The  clot  is  traversed  in  all  directions 
by  delicate  capillaries.  At  the  edges  of  the  clot  on  both  sides  are  irregu- 
larly arranged  trabecular  of  osteoid  tissue.  The  layer  of  osteoid  tissue 
about  the  cortical  bone  is  much  less  abundant  than  that  from  the  perios- 
teum and  seems  to  come  from  tissue  once  connected  with  the  endosteum, 
as  the  cortical  layer  of  bone  is  imperfect.  From  the  periosteum  there  is  a 
marked  very  cellular  ingrowth  of  connective  tissue  cells  and  capillaries. 
In  places  there  is  very  abundant  formation  of  osteoid  tissue,  and  an  occa- 
sional nest  of  cartilage  cells  surrounded  by  cells  similar  to  those  surround- 
ing the  trabecular  of  osteoid  tissue. 

Muscle  from   thigh. — The  muscle  bundles  are  widely  separated  by 
edema.     A  few  fibers  show  hyaline  change  and  loss  of  striations. 

The  heart  tumor. — At  the  autopsy  a  vertical  slice  two 
millimeters  thick  was  taken  through  the  center  of  the  tumor, 
going  down  into  the  heart  muscle  at  the  base  for  a  depth  of 
two  to  four  millimeters.  This  was  placed  immediately  into 
Zenker's  fixative. 

Sections  through  one-half  of  this  piece  show  that  the 
tumor  is  sharply  outlined  from  the  heart  muscle  by  an  almost 
continuous  layer  of  connective  tissue  of  varying  thickness. 
In  places  this  connective  tissue  layer  is  not  thicker  than  the 
septa  separating  the  bundles  of  muscle  in  normal  heart  tissue 
in  regions  close  to  the  endocardium.  In  a  few  places  it  is 
entirely  absent.  The  average  thickness  is  about  that  of  the 
layer  of  the  normal  endocardium  of  an  infant  of  the  same 
age.  The  free  surface  of  the  tumor  is  covered  by  a  layer  of 
compact  connective  tissue  of  fairly  uniform  thickness  which 
is  continuous  with  the  endocardium  of  the  heart  wall,  and 
like  it  covered  with  endothelium.  In  the  connective  tissue 
separating  the  tumor  from  the  myocardium  there  are  a  few 
scattered  atrophied  muscle  fibers.  Running  radially  inwards 
from  the  connective  tissue  capsule  are  heavy  trabeculae  of 
dense  connective  tissue,  which  carry  blood  vessels  of  large 
size.  From  these  trabeculae  there  are  given  off  more  delicate, 
less  dense  connective  tissue  processes  which  ramify  every- 
where through  the  tumor.  There  is  an  abundant  supply  of 
blood  vessels  to  all  parts  of  the  tumor. 

The  low  power  picture  of  the  tumor  is  striking.  It  consists 
of  a  loose  sponge-like  tissue  with  empty  spaces  of  irregular 
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sizes  and  shapes.  Apparently  between  the  spaces  are  large 
cells  which  show  extreme  variations  in  size  and  shape.  A 
few  of  the  spaces  seem  to  contain  smaller  cells,  with  many 
processes  running  to  the  walls.  Here  and  there  are  connec- 
tive tissue  septa  carrying  blood  vessels,  while  numerous 
capillaries  accompanied  by  very  little  connective  tissue  are 
found  in  all  parts  of  the  tumor  between  the  cells  or 
empty  spaces  (Fig.  2). 

With  high  powers,  using  ordinary  stains,  many  of  the 
spaces  can  be  seen  to  be  surrounded  by  a  thick  wall  of  proto- 
plasm with  a  curved  nucleus  lying  in  a  portion  which  is 
generally  thicker  than  the  rest  of  the  wall.  There  are 
occasional  deeply  stained  eosinophilic  granules  in  the  proto- 
plasm and  often  these  are  orderly  arranged  in  rows  to  form 
transverse  striations  of  the  protoplasm.  Lying  between  the 
spaces  there  are  a  very  few  elongated  cells  with  large  oval 
nuclei  and  definitely  though  very  finely  fibrillated  proto- 
plasm. The  cells  with  many  processes  lying  within  clear 
spaces  often  show  irregularly  and  regularly  arranged 
eosinophilic  granules.  The  processes  which  run  outwards 
are  often  transversely  striated  with  rows  of  delicate  eosino- 
philic granules.  The  processes  merge  into  the  walls  of  the 
spaces  in  a  very  perplexing  fashion,  sometimes  they  seem  to 
end  abruptly,  at  other  times  running  obliquely  they  appear  to 
fuse  with  the  walls.  Occasionally  the  walls  of  the  spaces 
show  very  definite  cross  striations.  Most  of  the  cells  have  a 
single  nucleus,  many  have  two  and  three  nuclei ;  rarely 
there  are  four  nuclei  in  a  single  cell. 

The  spaces  are  generally  absolutely  empty.  A  few  con- 
tain granular  detritus  or  a  circular  reticulum  of  faintly  stain- 
ing material.  Mallory's  connective  tissue  stain  helps  to 
make  clear  the  locations  of  the  empty  spaces.  With  it  there 
is  demonstrated  a  delicate  connective  tissue  reticulum,  hither- 
to unsuspected,  running  between  the  cells  and  the  spaces. 
The  acid  fuchsin  brings  out  the  cross  striations  very  clearly 
and  it  can  now  be  seen  that  the  walls  of  the  clear  spaces 
consist  of  cross  striated  protoplasm,  continuous  with  the  pro- 
toplasm surrounding  an  eccentrically  situated  nucleus  or  with 
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the  processes  radiating  from  a  central  protoplasmic  mass 
containing  a  nucleus.  The  clear  spaces  lie  within  the  cell. 
Their  walls  are  composed  of  muscle  protoplasm  usually 
showing  cross  striations.  The  connective  tissue  stroma  does 
not  enter  into  the  formation  of  these  spaces  (Figs.  5  and  6). 

The  tumor  cells  vary  greatly  in  size  and  shape.  The  size 
depends  much  upon  the  size  of  the  cavity  within  the  cell. 
The  great  variety  of  shapes  of  the  cells,  some  of  them  very 
grotesque,  make  measurements  uncertain  and  unsatisfactory. 
The  smallest  cells  are  almost  round  or  oval  in  shape  and  , 
range  upwards  in  size  from  thirteen  microns  in  diameter. 
The  largest  cells,  traced  out  by  serial  sections,  reach  a  size 
of  two  hundred  by  one  hundred  and  fifty  microns.  The 
largest  number  of  the  tumor  cells  range  from  one  hundred 
by  fifty  microns  to  one  hundred  and  sixty  by  eighty  microns. 

The  nuclei  are  more  constant  in  size  and  characteristics. 
They  range  in  size  from  seven  by  nine  microns  to  nineteen 
by  nineteen  microns.  The  majority  of  nuclei,  however, 
lie  between  the  limits  of  nine  by  seven  microns  and  thirteen 
by  ten  microns.  Where  there  are  several  nuclei  to  a  cell 
they  are  apt  to  be  smaller  than  when  single,  but  this  is  not 
constant.  The  largest  nuclei  are  in  large  cells  and  show 
evidences  of  preparation  for  direct  division.  No  mitotic 
nuclei  were  found. 

The  nuclei  are  sometimes  surrounded  by  clear  spaces. 
They  have  distinct  and  sharply  staining  membranes.  They 
contain  usually  one  large  spherical  nucleolus  which,  with 
proper  differentiation  after  the  methylene  blue  and  eosin 
stain,  retains  a  purplish  color.  The  nucleoli  occasionally 
show  the  vacuolation  commonly  seen  in  ganglion  cells  of 
the  central  nervous  system  and  are  often  five  to  six  microns 
in  diameter.  Sometimes  there  are  two  or  three  nucleoli  to  a 
nucleus.  Occasionally  irregularly  outlined  or  constricted 
nuclei  are  found  which  have  two  or  three  nucleoli  and  the 
chromatin  granules  grouped  into  two  or  more  masses.  This 
picture  is  considered  to  be  evidence  of  direct  division.  The 
nuclear  network  is  fairly  coarsely  meshed.  The  chromatin 
granules  are  small  and  irregularly  distributed. 
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The  cross  striations  and  finer  cell  structures  were  best 
studied  with  Mallory's  phosphotungstic  acid  hematein  stain, 
as  with  it  many  unsuspected  details  were  brought  to  light. 
It  clearly  shows  that  the  walls  of  the  spaces  described  con- 
tain striated  fibrillae,  analogous  to  the  fibrillae  of  normal 
heart  muscle.  It  can  often  be  shown  that  these  fibrillae  take 
origin  or  pass  through  the  mass  of  protoplasm  surrounding 
the  nucleus.  Very  few  fibrils  were  found  which  exhibited 
the  alternate  broad  and  narrow  cross  striations  of  normal 
heart  muscle.  Most  of  the  fibrillae  consist  simply  of  deeply 
staining  blue  dots  connected  by  a  very  delicate  fibrillary 
material  which  stains  brownish.  The  striated  fibers  from 
adjacent  cells  in  rare  instances  intermingle.  They  may  run 
directly  between  two  cells  or  join  from  two  or  more  cells  to 
form  collections  of  parallel  fibrils  (FigS.  3  and  4). 

In  the  large  cells  with  abundant  protoplasm  there  are 
often  clusters  of  deeply  staining  granules  without  any  definite 
arrangement  or  connection  with  one  another.  There  is 
sometimes  an  arrangement  in  pairs  of  these  granules,  which 
are  then  biscuit  shaped  with  the  flat  sides  apposed,  giving 
an  appearance  strongly  suggestive  of  centrosomes.  The 
granules  when  stained  with  the  connective  tissue  stain  are 
colored  a  brilliant  red  with  the  acid  fuchsin.  Here  and  there 
in  the  cells  containing  these  granules  we  find  groups  of  two 
to  many  connected  by  very  delicate  fibrillae  in  a  more  or 
less  orderly  fashion.  This  is  evidently  the  beginning  of  the 
muscle  fibril  formation.  The  delicate  fibrils  connecting 
these  small  bodies,  when  the  phosphotungstic  acid  hematein 
stain  is  used,  are  stained  brownish  ;  with  the  connective  tissue 
stain  they  are  colored  blue. 

In  attempting  to  orient  these  details  and  to  find  analogies 
with  the  normal  muscle  structure  I  was  much  aided  by  an 
observation  by  Professor  Mallory  made  several  years  ago 
and  which  has  not  been  published.  Mallory  found  that  the 
connective  tissue  stain  stains  the  sarcous  elements  red  and  the 
delicate  striations  between  the  sarcous  elements,  that  is,  the 
membranes  of  Krause,  blue.  This  is  what  is  to  be  expected 
if  these  striations  are  of  the  nature  of  a  binding  substance. 
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In  the  tumor  cells  stained  with  the  connective  tissue  stains 
the  delicate  fibrillae  connecting  the  fuchsin  stained  bodies 
are  stained  blue.  With  the  phosphotungstic  acid  hematein 
stain  they  stain  brownish.  These  facts  justify  the  belief  that 
the  granules  of  the  tumor  cells,  at  first  irregularly  arranged 
and  later  assuming  more  or  less  of  an  orderly  arrangement, 
are  primitive  sarcous  elements.  It  also  becomes  evident 
that  the  orderly  transversely  arranged  dots  most  prominent 
in  the  tumor  cells  and  cell  processes  are  primitive  sarcous 
elements.  The  fibrillary  material  taking  the  blue  of  the  con-* 
nective  tissue  stain  is  to  be  regarded  as  a  material  similar  to 
that  of  Krause's  membrane  in  normal  muscle.  In  a  few 
places  in  the  tumor  the  differentiation  is  more  complete  and 
we  have  alternating  thick  and  delicate  striations,  —  the 
sarcous  elements  and  the  membranes  of  Krause  in  normal 
muscle  (Figs.  7,  8,  and  9). 

Occasionally  in  some  of  the  large  tumor  cells  there  are 
non-striated  deeply  staining  fibrils,  which  can  be  demon- 
strated with  the  phosphotungstic  acid  hematoxylin  stain. 
These  fibrils  run  in  all  directions  through  and  upon  the  sur- 
faces of  the  cells.  They  resemble  neuroglia  fibrils  in  size 
and  in  staining  reaction.  They  give  rise  to  pictures  sug- 
gestive of  neuroglia  cells  found  in  gliomata.  Both  striated 
and  non-striated  fibrils  may  occur  in  the  same  cells. 

The  non-striated  fibrils  at  first  thought  are  difficult  of  inter- 
pretation, but  the  evidence  of  the  double  differentiation  of 
the  tumor  cells  into  the  homologues  of  the  contractile  and 
binding  substances  of  normal  muscle  make  it  probable  that 
the  non-striated  fibrils  represent  an  excessive  formation  of 
the  binding  material  (Fig.  10). 

Many  of  the  tumor  cells  contain  large  spherical  drops  of 
hyaline  material,  which  are  probably  preliminary  to  the 
formation  of  vacuoles.  The  hyaline  material  often  lies  com- 
pletely surrounded  by  curved  striated  fibrils.  Similarly 
arranged  fibrils  enclose  larger  volumes  of  granular  material, 
while  many  of  the  largest  spaces  in  cells  contain  considerable 
granular  material. 

Spinal  cord  and    brain.  —  Special  care  was  given  to  the 
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examination  of  the  brain  in  view  of  the  possible  association 
with  diffuse  gliosis,  even  though  the  cortex  was  macroscop- 
ically  not  suggestive  of  such  a  process.  Two  pieces  were 
taken  from  each  of  the  following  regions :  frontal,  parietal, 
paracentral,  occipital  and  temporal,  and  from  the  superior 
surface  and  worm  of  the  cerebellum.  The  sections  were 
stained  with  hematoxylin  and  eosin  and  by  Mallory's 
method  for  neuroglia  fibrils  after  formalin  fixation. 

The  cerebral  cortex  from  the  above  locations  proved  to  be 
practically  normal.  The  number  and  arrangement  of  gan- 
glion cells  appear  to  be  normal.  Some  alterations  probably 
exist  as  a  result  of  the  internal  hydrocephalus,  but  these  are 
too  slight  to  be  demonstrated  except  by  a  series  of  compari- 
sons with  the  normal  infant  brain.  The  amount  of  neuroglia 
is  not  above  normal  and  is  not  as  great  as  that  of  the  normal 
adult  brain.  In  the  sections  from  the  parietal  cortex  two 
nests  of  neuroglia  were  found,  one  in  the  substance  of  the 
cortex,  the  other  in  the  pia  surrounding  a  small  blood  vessel. 
These  isolated  findings  will  be  discussed  below  in  connection 
with  similar  neuroglia  nests  found  in  the  meninges  of  the 
spinal  cord. 

Spinal  cord. — With  ordinary  stains  the  cord  appears 
normal.  Mallory's  neuroglia  stain  reveals  a  rich  diffuse 
neuroglia  network  throughout  the  cord  at  all  levels  exam- 
ined. There  is  probably  a  slight  general  increase  of  the 
neuroglia  in  spite  of  the  even  distribution.  The  amount 
exceeds  that  found  in  the  normal  adult  cord,  and  an  occa- 
sional active  neuroglia  cell  is  found  in  the  subpial  tissue  and 
in  the  gray  matter.  A  stain  for  myelin  sheaths  shows  a 
scarcity  in  the  mid-dorsal  and  lower  cervical  cord  in  the 
column  of  Burdach,  otherwise  there  does  not  seem  to  be  a 
deficiency  in  nerve  fibers.*  The  ganglion  cells  in  the  gray 
matter,  though  surrounded  by  a  heavy  feltwork  of  neuroglia 
fibers,  are  normal  in  appearance,  with  abundant  large  Nissl 
bodies  and  normal  nuclei  and  processes.     The  Marchi  method 


•The  method  employed  for  staining  myelin  sheaths  was  the  iron  hematoxylin 
method  after  formalin  fixation  and  frozen  sections;  a  modification  employed  by 
Professor  J.  H.  Wright. 
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for  fat  shows  the  presence  of  slight  to  marked  fatty  change  in 
the  sheaths  of  isolated  fibers  or  in  groups  of  two  to  four 
fibers  scattered  uniformly,  though  sparsely,  throughout  the 
white  matter  of  the  dorsal  and  cervical  regions. 

In  the  meninges  of  the  cord  beneath  the  dura  there  are  a 
great  many  small  discrete  nests  of  neuroglia  tissue.  They 
are  most  numerous  on  the  dorsal  surface  of  the  cervical  cord 
and  produce  the  sanded  appearance  noted  at  autopsy. 
The  number  gradually  diminishes  towards  the  inferior  end 
of  the  cord  and  in  sections  of  the  tenth  dorsal  segment  there 
are  very  few.  In  the  cervical  cord  a  few  are  found  upon  the 
ventral  surface. 

These  neuroglia  nests  are  not  connected  with  the  spinal 
cord.  This  was  determined  by  three  sets  of  serial  sec- 
tions made  from  different  levels  of  the  cord.  The  nests 
lie  beneath  the  arachnoid.  A  few  are  partially  imbedded 
in  the  pia,  but  none  are  connected  with  the  cord.  All  are 
invested  with  a  very  delicate  sheath  #  of  connective  tissue 
derived  from  the  pia  or  arachnoid.  They  are  irregu- 
larly spherical,  ovoid,  and  rod-like  in  shapes.  The  largest 
nests  partly  ensheath  the  cord  and  are  disc-shaped  with 
rounded  edges,  often  with  extensions  from  the  periphery. 
In  size  the  largest  are  one  to  two  millimeters  by  .2  to  one 
millimeter  by  .1  to  .3  millimeter.  The  greater  number  of 
these  nests  are  spherical  or  ovoid  in  shape  and  range  between 
seventy  and  one  hundred  and  forty  microns  in  diameter. 
Many  of  these  nests  lie  in  contact  with  blood  vessels,  and 
some  surround  small  vessels ;  all  of  them  contain  strands  of 
fibrous  tissue  derived  from  the  processes  of  the  pia  and 
arachnoid.  Occasionally  they  are  attached  to  a  vessel  by  a 
stalk-like  process  of  connective  tissue  with  or  without  a 
capillary  (Fig.  11 ). 

Aside  from  the  connective  tissue  and  blood  vessels,  which 
by  serial  sections  can  be  proven  to  come  from  the  pia  or 
arachnoid,  these  nests  consist  of  pure  neuroglia  tissue.  They 
consist  of  a  dense  feltwork  of  fibers  which  run  in  all  direc  • 
tions,  but  usually  conforming  to  the  long  axis  of  the  nest. 
Many  have  a  central  mass  of  concentric  fibers.     At  the  edges 
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there  is  usually  an  arched  arrangement  of  the  fibers  similar 
to  that  at  the  surface  of  the  normal  spinal  cord.  The  nuclei 
are  invariably  in  the  central  portion  and  differ  in  no  way 
from  the  normal  neuroglia  nuclei  found  in  the  central  ner- 
vous system.  No  evidences  of  nuclear  activity  were  found 
in  these  nests  but  occasional  neuroglia  cells  with  abundant 
protoplasm  were  found. 

A  few  posterior  nerve  roots  contain  small  similar  nests  of 
neuroglia  tissue,  always  adjacent  to  a  small  blood  vessel. 
Several  dorsal  root  ganglia  examined  are  normal.  On  the 
superior  surface  of  the  posterior  velum  interpositum  are  large 
convoluted  nests  of  neuroglia  similar  in  structure  to  those  in 
the  meninges  of  the  cord.  Two  of  these  nests  were  found 
containing  spaces  lined  with  ependyma.  One  of  the  nests  is 
connected  with  the  cerebellum.  In  the  floor  of  the  fourth 
ventricle  are  several  ependyma-lined  canals  and  isolated 
groups  of  ependymal  cells. 

In  the  interpretation  of  the  characteristics  of  these  neu- 
roglia nests  we  are  forced  to  the  conclusion  that  they  are 
developmental  in  origin.  The  absence  of  any  connection 
with  the  spinal  cord  is  proven.  Their  structure  with  a  cen- 
tral mass  of  cells  speaks  against  the  probability  of  their 
being  outgrowths  of  normally  existing  neuroglia.  The  find- 
ing of  similar  nests  containing  ependyma  is  additional  proof 
of  the  developmental  origin. 

A  careful  search  of  the  literature  of  the  brain  and  spinal 
cord  has  failed  to  reveal  any  record  of  similar  isolated  neu- 
roglia nests  in  the  meninges.  The  two  nests  found  in  the 
parietal  cortex  are  to  be  regarded  as  similar  to  those  from 
the  cord  and  in  no  way  allied  to  the  diffuse  sclerosis  described 
in  association  with  rhabdomyomata. 


The  cases  of  rhabdomyomata  reported  before  Seiffert's 
publication  have  been  reviewed  by  Seiffert.  These  are  the 
cases  of  von  Recklinghausen,8  Virchow,9  Hlava,10  Kolisko,11 
and  Caseris-Demel.12  One  other  case  not  mentioned  by 
Seiffert    is    that  of  Billard,  which    Kolisko  mentions  in  his 
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paper.  Billard's  case  occurred  before  the  days  of  histologi- 
cal examinations,  but  probably  was  a  case  of  multiple  con- 
genital rhabdomyomata,  for  there  were  three  small  tumors  in 
the  anterior  wall  of  the  left  ventricle  and  in  the  interventricu- 
lar septum  in  an  infant  three  days  old.  This  case  was  pub- 
lished according  to  Kolisko  in  "Traite  des  maladies  des 
enfans  noveau-nes  et  a  la  mamelle,  Paris,  1828,"  which  is  not 
accessible  to  me.  The  same  case  is  mentioned  by  Virchow 
in  "  Die  Krankhaften  Geschwiilste,  Bd.  iii,  p.  99." 

The  points  which  have  interested  most  of  those  who  have 
studied  these  tumors  are  the  histology  and  particularly  the 
nature  of  the  spaces,  the  resemblance  of  the  tumor  cells  to 
embryonic  heart  muscle,  and  in  later  cases  the  association 
with  sclerosis  of  the  cerebral  cortex. 

Von  Recklinghausen's  report  was  a  very  short  one.  He 
briefly  described  the  character  of  the  tumor  cells  and  called 
attention  to  their  similarity  with  embryonic  cells  described 
by  Weismann  in  lower  vertebrates.  He  arrived  at  no  con- 
clusion about  the  spaces,  and  although  he  stated  that  the 
spaces  had  no  lining  cells  he  considered  the  possibility  of 
their  being  lymph  spaces  (similar  to  the  macroglossia  of 
Virchow)  or  blood  spaces  or  muscle  tubes  of  pathological 
origin.  Cerebral  sclerosis  was  noted  by  him,  though  not 
described,  in  the  following  words :  "  im  Gehirn  war  ferner 
noch  eine  grosse  Zahl  von  sklerosen  vorhanden." 

Virchow  did  not  mention  the  head  in  his  report  (the 
autopsy  was  done  by  Susewind  of  Braunfels  and  Herr  of 
Wetzlar).  As  possibilities  for  the  nature  of  the  spaces  he 
mentions  lymphatics  and  edema. 

Hlava's  case  was  one  with  a  single  tumor  having  the 
characteristic  histology.  The  head  is  not  mentioned.  Hlava 
believes  the  spaces  to  be  due  to  the  effect  of  alcohol  fixa- 
tion and  regards  them  as  intracellular. 

Kolisko  reviews  the  cases  preceding  his  and  like  Seiffert 
rejects  the  cases  of  Kantzow-Virchow  and  Skreczka. 
Nothing  abnormal  is  noted  in  the  brain  in  Kolisko's  case. 
His  gross  and  microscopic  description  of  the  tumors  is  very 
detailed    and    agrees    closely  with    later   descriptions.     The 


5  1 2  WOLBACH. 

spaces  are  regarded  by  him  to  be  between  the  tumor  cells 
and  they  are  so  drawn  on  a  plate  accompanying  his  paper. 

Caseris-Demel  was  the  first  to  call  attention  to  the  many 
processed  cells  lying  within  spaces  and  called  by  him  spider- 
like cells.  He  regards  the  spaces  to  be  intercellular  and 
similar  to  spaces  which  he  found  between  anastomosing  cells 
in  the  hearts  of  human  embryos-  He  reports  cerebral 
sclerosis  associated  with  his  case  but  does  not  describe  the 
condition,  except  to  make  the  statement  that  it  was  not 
inflammatory.  There  were  also  small  nodules  in  the  kid- 
neys  composed  of  nests  of  embryonic  renal  tissue  without 
glomeruli. 

Seittert's  paper  includes  a  very  complete  discussion  of  all 
the  preceding  cases.  His  description  of  the  tumors  is  very 
complete  and  accurate  and  agrees  very  closely  with  my  case. 
He  proved  satisfactorily  that  the  spaces  are  intracellular,  and 
calls  attention  to  the  many  processed  cells,  which  he  likens 
to  spiders  in  their  nets.  The  cells  with  the  spaces  he  com- 
pares to  huge  embryonic  muscle  cells.  The  striations  are 
made  up  of  granules  whose  nature  he  does  not  distinctly 
specify.  He  draws  comparisons  between  the  tumor  cells 
with  spaces  and  embryonic  heart  muscle  cells  during  the 
sta^e  of  ribril  formation  where  the  fibrils  are  limited  to  the 
periphery  of  the  cell  while  the  central  portion  is  filled  with  a 
homogeneous  substance  which  does  not  stain. 

Rothe  incompletely  demonstrated  a  case  of  brain  sclerosis 
associated  with  multiple  tumors  of  the  breast.  The  brain 
lesions  were  typical  of  the  multiple  tuberous  form  of  sclerosis 
associated  with  idiocv  bv  French  observers-  The  tumors  of 
the  heart  he  believes  to  be  rhabdomyoma:*,  without  however 
offering  histological  evidence.  As  this  was  demonstrated 
before  a  society,  and  no  further  report  has  appeared,  I  am 
unarle  :o  p:iss  judgment  upon  this  case,  except  to  accept 
R::he's  cpinion  and  to  agree  :n  accepting  the  macroscopic 
chLr£.r.er:5t:cs    as    evidence    of    the    tumors   being    rhabd> 

I:r.f.cka  was  the  f.rst  to  call  atter.ri.rn  to  the  assocatba 
z-:    rhtio  :~vo~a  of  the  heart  and  cerebral  soerasas.     He 
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reports  two  cases  of  multiple  rhabdomyomata  with  diffuse 
cerebral  sclerosis.  Histologically  his  two  cases  are  similar. 
The  heart  tumors  have  the  characteristic  structure  of  pre- 
vious cases.  He  does  not  give  minute  descriptions,  though 
he  calls  attention  to  the  resemblance  of  the  tumor  cells  to 
embryonic  heart  muscle.  He  regards  the  spaces  as  intra- 
cellular in  position.  He  believes  the  tumors  and  the  sclerosis 
to  be  congenital  and  decides  that  the  two  conditions  are  in 
some  way  related.  The  type  of  sclerosis  in  these  two  cases 
is  a  diffuse  fibrillary  gliosis  limited  to  the  gray  matter.  No 
fine  histological  details  are  given  though  the  gross  distribu- 
tion of  the  lesions  is  accurately  indicated. 

Bonome M  has  described  two  similar  cases  of  diffuse 
cerebral  sclerosis,  one  of  them  associated  with  multiple  rhab- 
domyomata of  the  heart.  The  type  of  sclerosis  is  a  diffuse 
fibrillary  gliosis  with  degrees  of  atrophy  and  degeneration  of 
the  nervous  element  corresponding  to  the  degree  of  gliosis. 
The  process  is  an  active  one,  though  evidently  of  intra- 
uterine origin.  The  histological  details  of  the  rhabdomyo- 
mata are  characteristic,  though  Bonome  differs  from  other 
observers  and  myself  in  the  interpretation  of  some  of  these. 
He  distinguishes  two  kinds  of  tumor  cells.  Type  one,  found 
at  the  centers  of  the  nodules,  consists  of  large,  round  or 
polygonal  cells  with  one  to  three  nuclei.  The  cells  are  often 
vacuolated  and  often  contain  hyaline  bodies  as  well  as  small 
granules  which  stain  intensely  with  fuchsin.  These  fuchsin 
staining  granules  he  thinks  are  products  of  degeneration. 
The  cells  of  this  type  usually  have  many  processes  which 
branch  and  run  into  the  walls  of  the  spaces.  These  cells  he 
considers  to  represent  embryonal  muscle  cells.  The  second 
variety  of  cell  is  found  at  the  peripheries  of  the  tumor 
nodules.  They  are  larger  than  the  cells  of  type  one,  more 
regular  in  shape  and  show  less  tendency  to  degeneration. 
The  nuclei  are  less  vesicular  than  those  of  type  one  and  show 
evidences  of  direct  nuclear  division.  These  cells  also  have 
more  processes  than  the  cells  of  type  one.  The  processes 
show  cross  and  longitudinal  striations  while  the  bodies  of  the 
cells  show  more  marked  striations,  both  cross  and  longitudinal, 
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than  dD  tie  cells  of  tvoe  one.  The  reasons  for  nuclear 
activitv  seem  to  be  chiedV  the  smaller  size  and  ^reat  rich- 
cess  in  chromatin  cf  the  nuclei.  The  cells  of  the  second 
tvoe  Bone  me  believes  reo  resent  more  nearlv  normal  mvoor- 

la*  ce..5. 

He  believes  that  the  spaces  in  the  tumor  lie  between  the 
turn  3  r  cells  and  the  connective  tissue  stroma,  and  that  they 
are  formed  by  the  defeneration  of  cells  of  type  one. 

Both  of  Be  acme's  cases  cf  certbral  sclerosis  were  in  rach- 
itic in  fists.  Ke  believes  the  association  of  rhabdomvoma 
and  cerebral  sclerrsis  to  be  dependent  upon  the  same  condi- 
tions in  intra-uterine  life,  namelv  disturbances  of  nutrition 
and  resulting  vascular  lesions.  The  neuroglia  tissue  being 
more  resistant  than  the  nerve  cells  survive  the  condition 
of  defective  nutrition.  The  rhabdomyomata  develop  from 
embryonic  muscle  fibers  which  become  isolated  through  a 
connective  tissue  overgrowth  replacing  adjacent  degenerated 
muscle  fibers. 

The  case  of  Knox  and  Shorer  u  was  the  first  case  to  be 
reported  from  this  continent.  Their  microscopic  descrip- 
tion is  short  and  agrees  with  the  other  cases.  They  believe 
that  the  spaces  are  intracellular  but  do  not  offer  additional 
evidence.  They  call  attention  to  the  similarity  of  the  tumor 
cells  with  the  Parkin; e  cells  and  the  cells  making  up  the  con- 
ducting bundles  in  the  heart.     The  head  is  not  mentioned. 


The  Iocat;on  ot  the  spaces  in  the  tumors  may  be  considered 
to  be  dennitely  determined  within  the  cells  of  the  tumor. 
Seiffert's  evidence  in  favor  of  this  point  is  very  convincing 
while  the  evidence  revealed  by  the  phosphotungstic  acid 
he  mate  in  stain  is  conclusive.  Xearlv  everv  observer  studv- 
ing  these  tumors  has  pointed  out  the  analogies  between  these 
cells  and  embrvonic  heart  muscle.  Seiffert  and  Knox  and 
Shorer  have  laid  stress  upon  the  clear  spaces  in  the  embry- 
onal cells  and  in  modified  muscle  cells  found  in  adult  hearts. 
I  have  seen  cells  similar  to  those  they  describe  in  a  moderator 
band  from  an  infant's  heart.     Large  vacuolated  cells  are  not 
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rare  in  the  myocardium  of  infants  which  have  died  from  acute 
infectious  diseases.  In  a  case  *  of  general  anasarca  due  to 
heart  and  kidney  disease  there  were  large  hollow  muscle 
cells  in  the  heart  evidently  due  to  edema.  The  muscle 
fibrillae  forming  the  walls  of  these  cells  appear  normal. 
The  vacuolated  condition  of  these  cells  suggests  a  pos- 
sible origin  of  the  spaces  in  the  tumor  cells.  Another 
possible  origin  is  the  disintegration  of  the  hyaline  drops  and 
a  replacing  of  the  same  by  increasing  amounts  of  serous 
liquid,  conceivably  by  processes  following  autolysis. 

The  congenital  nature  of  these  tumors  is  established  by 
their  occurrence  in  new  born  infants  and  the  failure  to  find 
them  in  children  over  three  years  of  age.  With  the  excep- 
tions of  Hlava's  and  my  cases  the  tumors  have  been  multiple. 
Ponfick  in  studying  his  cases  came  to  the  conclusion  that  the 
large  and  small  tumor  nodules  were  of  the  same  age,  because 
of  their  perfect  similarity  in  structure.  This  fact  together 
with  the  invariable  occurrence  in  infants  led  him  to  the 
decision  that  they  are  congenital. 

The  most  interesting  fact  in  the  general  considerations  of 
rhabdomyomata  of  the  heart  is  the  association  with  cerebral 
sclerosis.  An  inspection  of  the  following  table  will  show 
that  of  the  twelve  cases  assembled  seven  had  cerebral  scle- 
rosis. Of  the  remaining  five  cases  no  mention  of  the  head 
was  made  in  three,  and  in  two  cases,  Seiffert's  and  my  own, 
it  is  known  that  the  cortex  was  normal.  Ponfick  and  Bonome 
are  the  only  two  observers  who  have  dwelt  upon  this  asso- 
ciation. Ponfick  merely  emphasizes  this  fact.  Bonome  has 
sought  an  explanation  and  a  possible  common  factor  in  their 
causation  in  the  evidences  of  fetal  malnutrition  with  sec- 
ondary vascular  degenerations.  This  hypothesis  has  much 
in  its  favor.  Virchow  in  a  consideration  of  encephalitis  con- 
genita states  that  the  lesions  are  due  to  vascular  changes 
dependent  upon  malnutrition  and  has  demonstrated  fat  in  the 
vessel  walls. 

'  -     ■  ™  '  ■■■-■■      I      ■  I—  ■  .1-  ■  ..  —  -.,  ■       ,  ■  ■      — ^M^ 

•  I  am  indebted  to  Professor  F.  B.  Mallory  for  this  observation. 
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Case. 

Age. 

Number 

of 
Tumors. 

Cerebral  Sclerosis. 

Remarks. 

Von  Recklinghausen 

New  born. 

14  days. 

2  months. 

3  years. 

1  yr.  8  mos. 
? 

• 

7  months. 

3  years. 

1  yr.  6  mos. 
7  months. 
10  months. 

Multiple. 
<• 

Single. 

Multiple, 
tt 

«( 

<< 

«« 

tt 

ti 

•< 

Single. 

Present. 

Head  not  mentioned, 
tt         ti           it 

Absent. 

Present. 

Absent. 

Present. 
11 

it 

it 

Head  not  mentioned. 
Absent. 

Well  nourished 

HIava 

Rachitis. 

• 

aNo  anatomical  peculi- 
arities. 

Chronic  furunculosis; 
emaciation. 

Rachitis 

Knox  and  Shorer.... 
Wolbach 

it 

Scorbutus,       rachitis, 
spina  bifida,  neurog- 
lia    nests    in    men* 
inges  of  spinal  cord. 

Inspection  of  the  table  shows  the  number  of  cases  as- 
sociated with  disturbances  of  nutrition.  It  is  unfortunate 
that  a  number  of  the  descriptions  of  rhabdomyomata  do 
not  include  a  statement  of  the  general  anatomical  condi- 
tions. Bonome  lays  stress  upon  the  association  of  cerebral 
sclerosis  with  nutritional  diseases.  Yacobaeus 16  has  collected 
twenty-five  cases  of  "  hypertrophic  tuberous  cerebral  sclero- 
sis," seven  of  which  were  associated  with  multiple  tumors 
of  the  kidneys.  He  states  that  a  histological  examination  of 
the  kidney  tumors  in  most  cases  was  not  made.  A  few  cases 
have  been  smooth  muscle  tumors  and  renal  adenomata. 
Yacobaeus*  case  was  a  leiomyoma  with  peculiar  arrange- 
ments in  relation  to  blood  vessels  and  hence  called  by  him 
an  angio-myo-sarcoma. 

The  association  of  congenital  rhabdomyomata  with  cere- 
bral sclerosis  and  nutritional  diseases  on  the  one  hand  and 
the  association  of  cerebral  sclerosis  with  nutritional  diseases 
and  multiple  tumors  on  the  other  hand  are  now  well-estab- 
lished facts.  The  significance  of  these  facts  and  their  bear- 
ing upon  general  problems  are    beyond   the  scope  of  this 
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paper.  The  occurrence  of  multiple  neuroglia  nests  in  the 
meninges  of  the  cord  in  my  case  I  believe  should  be  classed 
as  a  developmental  anomaly,  and  accordingly  unlike  in  nature 
to  the  diffuse  cerebral  scleroses  associated  with  other  cases. 

SUMMARY. 

There  are  now  twelve  authentic  cases  of  congenital  rhab- 
domyomata  of  the  heart,  six  of  which  were  associated  with 
diffuse  cerebral  scleroses.  In  three  cases  the  head  was  not 
examined  so  that  the  percentage  of  this  combination  is 
possibly  higher.  Most  of  these  cases  have  been  associated 
with  general  disturbances  in  nutrition. 

In  the  case  here  reported  there  was  found  a  condition 
undescribed  in  pathological  literature,  the  multiple  nests  of 
neuroglia  tissue  in  the  meninges  of  the  spinal  cord. 

The  spongy  or  vacuolated  structure  of  the  rhabdomyo- 
mata  of  the  heart  is  due  to  spaces  within  the  tumor  cells. 

The  fuchsin  staining  granules  which  maybe  irregularly  dis- 
tributed in  the  tumor  cells  or  arranged  in  an  orderly  fashion 
to  form  cross  striations  represent  sarcous  elements. 

The  longitudinal  striations  are  made  up  of  alternating 
sarcous  elements  and  fibrillary  material,  which  stain  respec- 
tively red  and  blue  with  Mallory's  connective  tissue  stain. 

The  tumor  cells  may  produce  either  an  excess  of  sarcous 
elements  or  of  fibrillary  material. 

The  presence  of  non-striated  fibrils  in  tumor  cells  may  be 
explained  by  an  excessive  production  of  fibrillary  material. 
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DESCRIPTION   OF   PLATES. 

Plate  XXV. 

* 

Fig.  1.  —  Heart  with  right  ventricle  exposed.  Slightly  less  than  natural 
size. 

Fig.  2. — Low  power  view  of  section  through  base  of  tumor.  Shows 
the  sharply  defined  boundaries  of  the  tumor  and  the  spongy  structure. 
Phosphotungstic  acid  hematein  stain. 

Fig.  3.  —  A  single  cell  with  processes  and  a  space  wall  of  an  adjacent 
cell  showing  cross  striations.  Phosphotungstic  acid  hematein  stain, 
x  1,000. 

Plate  XXVI. 

Fig.  4. — A  single  cell  with  parallel  fibrillae.  This  is  the  nearest  ap- 
proach to  normal  muscle  found  in  the  tumor.  The  striations  are  composed 
of  regularly  arranged  dots  along  the  courses  of  the  fibrillae.  Note  isolated 
fibrils  with  dots.     Phosphotungstic  acid  hematein  stain,     x  1,000. 

Fig.  5.  — A  spider  cell,  first  described  by  Cesaris-Demel.  The  nucleus 
lies  in  amass  of  protoplasm  attached  to  the  cell  wall.     In  places  striated 
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fibrillae  can  be  seen  in  the  cell  walls.  The  processes  from  the  central  mass 
of  protoplasm  contain  striated  fibrillae  and  join  the  cell  walls.  Phospho- 
tungstic  acid  hematein  stain,     x  1,000. 

Plate  XXVII. 

Fig.  6.  — Two  cells,  one  of  them  containing  a  large  cavity.  Selected  to 
show  the  intracellular  location  of  the  tumor  spaces.  Phosphotungstic 
acid  hematein  stain,     x  1,000. 

Fig.  7.  —  A  single  cell  with  processes  showing  details  of  fibrillae  and 
irregular  arrangement  of  the  primitive  sarcous  elements  in  central  por- 
tion of  the  protoplasm.     Phosphotungstic  acid  hematein  stain,     x  1,000. 

Plate  XXVIII. 

Figs.  8  and  9.  —  Details  of  a  cell  similar  to  that  of  Fig.  7.  Show  large 
numbers  of  sarcous  elements  for  the  most  part  irregularly  arranged.  A 
few  are  connected  by  delicate  fibrils.  Phosphotungstic  acid  hematein 
stain,     x  2,000. 

Fig.  10.  — A  single  cell  with  three  nuclei  and  processes  containing  non- 
striated  fibrils.     Phosphotungstic  acid  hematein  stain,     x  500. 

Fig.  11.  —  Edge  of  spinal  cord  with  pia  arachnoid  showing  neuroglia 
nests.     Phosphotungstic  acid  hematein  stain. 
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OBSERVATIONS     ON    PHAGOCYTOSIS     IN     RELATION    TO    THE 

OPSONIC     INDEX.* 

R.  E.  Walker,  Captain  U.S.M.C,  Retired. 
{Hospital  of  the  University  of  Michigan,  Ann  Ardor,  Michigan?) 

While  the  phenomenon  of  phagocytosis  of  bacteria  has 
been  known  and  studied  for  a  considerable  time,  it  is  only 
witnin  the  past  few  years  that  some  of  the  causes  and  the 
laws  governing  the  action  have  become  better  understood. 

The  best  known  cause  of  phagocytosis  at  present,  and  the 
one  occupying  the  attention  of  medical  men  almost  exclu- 
sively, is  the  opsonin  of  the  blood  serum,  first  clearly  demon- 
strated by  Wright  and  Douglas. 

Of  the  several  protective  bodies  known  to  exist  in  normal 
and  immune  sera,  only  the  opsonins  can  be  quantitatively 
determined  with  any  considerable  degree  of  accuracy  by  any 
methods  so  far  discovered. 

It  should  be  remembered,  however,  that  all  the  immune 
protective  bodies  arise  from  the  action  of  the  bacteria  and 
their  chemicalproducts ;  so  that,  while  the  opsonins  are  dis- 
tinct from  the  others,  the  probable  quantity  of  the  others  may 
at  least  be  inferred  from  the  amount  of  opsonin  found  to  be 
present. 

In  order 'that  phagocytosis  may  indicate  the  relative  quan- 
tities of  an  opsonin  in  two  sera,  special  techinal  methods 
must  be  employed  and  certain  principles  followed.  Lack  of 
knowledge  of  the  principles  governing  phagocytosis  causes 
more  inconsistent  and  erroneous  opsonic  findings  than  fail- 
ure to  follow  the  technical  rules  so  frequently  published  by 
various  workers. 

It  is  the  purpose  of  this  paper  to  describe  some  experi- 
ments which  may  throw  some  light  on  such  errors. 

Staphylococci  of  various  strains  were  used  in  all  the 
experiments. 

*Read  before  the  American  Association  of  Pathologists  and  Bacteriologists  at  Wash- 
ington, D.C.,  May  8,  1907.     Received  for  publication  June  3,  1907. 
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In  the  method  of  technic  used  by  those  who  follow  Wright, 
and  this  includes  all  workers  excepting  those  who  use 
Simons'  method,  equal  proportions  of  pure  blood  serum, 
washed  leucocytes  and  a  suspension  of  staphylococcus  in 
normal  salt  are  intimately  mixed  and  incubated  for  a  definite 
time  —  usually  fifteen  to  thirty  minutes. 

Now  every  one  knows  how  difficult  it  is  to  maintain  the 
virulence  of  a  strain  of  staphylococcus;  and  it  must  be 
common  knowledge  to  all  workers  with  opsonins  that  the 
opsonin  normally  present  in  blood  serum  is  sufficient  to  sen- 
sitize such  a  large  number  of  ordinarily  virulent  staphylo- 
cocci that  in  the  usual  Wright  preparation  the  phagocytosis 
would  be  far  too  great  for  accurate  or  convenient  counting. 

In  order  to  reduce  the  phagocytic  index  to  an  average 
that  can  be  readily  and  quickly  counted,  the  method  gener- 
ally employed  is  to  dilute  the  bacterial  suspension  to  the 
degree  required,  as  shown  by  experience. 

I  shall  try  to  show  that  such  a  method  will  not  .and 
cannot  give  any  true  indication  of  the  relative  opsonic  value 
of  the  sera  tested. 

Essential  processes  in  phagocytosis  are : 

1.  The  sensitization  of  the  bacteria,  and 

2.  The  phagocytosis  of  the  bacteria  so  sensitized  and 
only  those. 

The  first  process,  of  course,  must  precede  the  second. 

The  rate  of  sensitization  will  be,  presumably,  proportional 
to  the  quantities  of  opsonin  in  the  sera  used.  If  this  rate  be 
slow,  extending  over  the  incubation  interval  of  fifteen  to 
thirty  minutes,  then,  even  with  a  thin  suspension  of  bacteria, 
we  might  expect  phagocytic  indices  proportional  to  the 
opsonin  in  the  sera.  On  the  other  hand,  if  sensitization  be 
a  rapid  process,  completed  within  the  first  few  moments  of 
the  incubation  period,  leaving  a  considerable  interval  without 
fresh  addition  of  sensitized  bacteria,  phagocytosis  following 
quickly  on  preparation  should,  if  all  the  bacteria  introduced 
are  sensitized  by  each  serum,  give  equal  indices.  If  too  few 
bacteria  are  present  to  satisfy  all  the  opsonin  of  the  stronger 
serum,  the  weaker  one  being  satisfied,  errors  of  all  degrees 
should  be  possible. 
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It  is  then  important  to  know  something  of  the  time  needed 
for  the  completion  of  the  reaction  of  sensitization.  To 
investigate  this,  a  mixture  of  dense  staphylococcus  suspension 
in  normal  salt  with  an  equal  quantity  of  a  normal  serum 
(both  at  370  C.)  was  made  and  incubated.  At  intervals  of 
one,  three,  five,  ten,  fifteen,  and  twenty  minutes  after  making 
the  mixture,  double  portions  of  it  were  withdrawn,  mixed 
with  single  portions  of  washed  leucocytes,  and  incubated  for 
thirty  minutes.     The  results  are  shown  in  Table  I. 

Table  I. 


Intervals  after  Mixing  Serum   and 
Bacteria. 


Average  phagocytosis 


10.30     10.28  i  10.38 


It  appears  from  this  experiment  that  the  process  of  sensi- 
tization is  very  early  completed.  It  follows,  then,  that  if  the 
bacterial  suspension  contains  fewer  germs  than  the  opsonin 
of  either  serum  is  able  to  sensitize,  the  result  should  be  that 
each  will  sensitize  all  the  bacteria  present,  and  equal  pha- 
gocytic indices  will  be  observed.  In  such  a  case  the  opsonic 
index  obtained  will  be  unity  regardless  of  the  real  difference 
between  the  sera.  If  all  the  opsonin  of  the  weaker  serum 
find  bacterial  attachment,  but  too  few  bacteria  are  introduced 
to  combine  with  all  the  opsonin  in  the  stronger  serum,  an 
error  depending  on  the  quantity  of  opsonin  not  combined 
will  result. 

That  these  deductions  are  true  is  shown  by  the  following 
experiment: 

Seven  bacterial  suspensions  having  their  densities  in  the 
proportion  of  one,  two,  four,  eight,  sixteen,  twenty-four,  and 
thirty-two  were  prepared.  Two  sera,  one  twice  the  strength 
of  the  other,  were  made  by  appropriately  diluting  a  serum 
with  normal  salt  solution. 

Using  the  weaker  serum  as  a  normal,  the  opsonic  index  of 
the  stronger  was  obtained  by  using  each  of  the  seven  bac- 
terial suspensions. 
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The  results  are  shown  in  Table  II.: 
Table  II. 


Relative  Density  of  Bacterial 

1    - 

*■      1     4. 

8. 

...  i  ... 

]'■ 

Phagocytic  Index  for  Serum 

I.87 

'■55 
.83 

4.90      8.07 
S«      8-53 
,0,  1   ,„5 

18.30 

1-5 

1 
1240    12.10 

24.24    24.12 

1-95  J    1-99 

12.30 
24-3° 
1.98 

Phagocytic  Index  for  Serum 

Opsonic    Index   for    Serum 
No.  II 

These  results  plotted  as  curves,  having  the  density  of 
bacterial  suspension  and  the  phagocytic  index  as  ordinates 
and  abcissae,  show  some  very  interesting  points. 
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For  each  serum  the  phagocytic  index  advances  nearly  in 
the  same  proportion  as  the  numbers  of  bacteria  used,  up  to 
a  certain  point.  For  the  weaker  serum  this  proportion  is 
lost  after  the  third  suspension,  the  index  for  the  fourth  being 
only  12.20  instead  of  about  sixteen.  This  means  that  the 
serum  could  sensitize  only  enough  bacteria  of  those  present 
in  the  fourth  suspension  to  produce  under  the  circumstances 
of  the  experiment  a  phagocytosis  of  12.20.  Two,  three,  and 
four  times  the  number  of  bacteria  used  in  the  fourth  sus- 
pension gave  practically  the  same  phagocytic  index  for  the 
serum-  Under  the  circumstances  of  the  experiment  the 
weaker  serum  was  able  to  produce  a  maximum  phagocytic 
index  of  12.20.  Excess  of  bacteria,  above  what  were  needed 
for  this  result,  had  no  effect  because  the  excess  could  not  be 
sensitized  by  the  serum  and  only  sensitized  bacteria  are 
taken  up. 

By  extending  the  general  line  of  the  curve  for  the  first 
three  points,  until  it  intersects  the  phagocytic  line  of  12.20, 
we  obtain  as  the  density  of  bacterial  suspension  just  suf- 
ficient to  satisfy  all  the  opsonin  in  the  weaker  serum,  that 
density  which  corresponds  to' 5.4  times  the  thinnest  suspen- 
sion used. 

Examining  the  curve  for  the  stronger  serum  in  the  same 
manner,  it  is  seen  that  its  maximum  phagocytic  index  is  not 
reached  until  the  fifth  bacterial  suspension  was  used.  Double 
and  treble  the  number  of  bacteria  in  the  suspension  did  not 
increase  this  maximum  index  of  24.24. 

The  density  of  bacterial  suspension  just  sufficient  to  pro- 
duce an  index  of  24.24  for  the  stronger  serum  is  found  to 
correspond  to  10.7  times  the  density  of  the  thinnest  suspen- 
sion used  in  the  experiment;  and  this  is  just  about  double 
the  corresponding  suspension  for  the  weaker  serum,  viz.:  5.4. 

It  is  apparent  that  any  density  of  bacterial  suspension  less 
than  10.7  times  the  minimum  suspension  used  must  yield  an 
erroneous  opsonic  index ;  and  that  this  error  may  vary  any- 
where between  1  and  the  true  index  of  2. 

In  the  experiments  just  described  the  two  sera  corre- 
sponded closely  to  normal  serum  diluted  fifteen  and  thirty 
times  respectively. 
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The  thinnest  bacterial  suspension  contained  about  1,000,000 
cocci  per  cubic  millimeter. 

Undiluted  serum  would  require  about  fifteen  times  as 
dense  a  suspension  as  the  one  just  sufficient  to  produce  the 
maximum  phagocytic  index  of  24.24  in  the  curve,  and  would 
allow  an  average  of  363.6  cocci  per  leucocyte,  supposing 
that  the  cell  could  engulf  that  many. 

It  must  be  clear,  then,  that  unless  one  has  a  strain  of 
staphylococcus  of  exceptional  virulence  the  use  of  undiluted 
serum  is  impracticable. 

A  method  of  technic  based  on  the  work  described,  and 
which  has  given  good  results,  is  to  dilute  the  sera  ten  to 
twenty-five  times  in  one  of  the  tubes  described  by  Wright  for 
making  higher  dilution  at  a  single  step,  and  to  use  the 
diluted  serum  with  a  very  opaque  suspension  of  staphylo- 
cocci. 

It  seems  scarcely  necessary  to  add  that  the  principle  of 
using  enough  bacteria  to  produce  the  maximum  phagocy- 
tosis of  which  the  serum  is  capable  applies  to  all  bacteria 
which  are  rapidly  sensitized. 

However,  for  species  for  which  but  little  opsonin  exists  in 
the  blood,  as  for  example  the  typhoid  bacillus,  comparatively 
fewer  germs  are  necessary  and  the  serum  need  not  be  diluted. 

No  harm  will  follow  the  use  of  thick  bacterial  suspensions 
in  such  work  and  errors  may  thus  be  avoided. 

[In  concluding  this  paper  I  desire  to  express  my  thanks  to  Dr.  George 
Dock  and  the  members  of  his  hospital  staff  for  the  encouragement  and 
valuable  suggestions  and  criticism,  without  which  my  observations  could 
scarcely  have  been  carried  out.] 


A  NEW   PATHOGENIC   MICROORGANISM   OF  THE   CON- 
JUNCTIVAL SAC* 

Hanford  McKee,  B.A.,  M.D. 
(From  the  Pathological  Laboratory  of  the  Montreal  General  Hospital.) 

During  the  last  few  years  the  widening  of  bacteriological 
methods  in  ophthalmology  has  been  extensive.  In  1883 
Koch,  while  working  in  Egypt,  examined  the  conjunctival 
discharge  in  some  cases  of  Egyptian  ophthalmia.  Among 
the  catarrhal  forms  he  found  constantly  a  very  small  fine 
bacillus,  similar  in  size  to  the  bacillus  of  mouse  septicemia. 
In  1887  Weeks  reported  having  seen  epidemics  of  con- 
junctivitis in  New  York,  in  the  conjunctival  discharge  of 
which  he  constantly  found  a  very  small  fine  bacillus. 
This  was  the  same  microorganism  which  Koch  had  seen 
in  Egypt.  The  cultivation  of  this  bacillus  was  extremely 
difficult.  Weeks  was  at  first  only  able  to  cultivate  it  along 
with  Bacillus  Xerosis,  while  Koch's  attempts  at  cultivation 
had  been  unsuccessful.  The  organism  and  the  conjunctivitis 
were  called  Koch-Weeks.  Since  described,  Koch-Weeks 
conjunctivitis  has  been  studied  extensively,  the  clinical 
characteristics  of  the  disease  and  the  cultural  features  of  the 
bacillus  established.  Its  presence  has  been  reported  from 
many  different  countries  and  it  is  to-day  recognized  as  one 
of  the  most  contagious  and  best  known  diseases  of  the  con- 
junctival sac. 

Neisser  in  1879  had  described  the  gonococcus  as  seen  in 
the  pus  of  gonorrheal  affections  of  the  eye,  but  it  was  not 
until  after  the  Koch-Weeks  discovery  that  much  activity  was 
shown  in  studying  the  bacteriological  factors  in  conjunc- 
tivitis. 

In  1896  Morax  and  Axenfeld  described  a  form  of  con- 
junctivitis with  definite  clinical  features  which  was  caused 
by  a  diplo-bacillus.  This  has  since  been  called  Morax- 
Axenfeld  Conjunctivitis.  It  is  to-day  one  of  the  most  fre- 
quently seen  diseases  of  the  conjunctiva. 

•  Received  for  publication  June  5,  1907. 
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In  1893  Gasparini  reported  the  pneumococcus  as  a  cause 
of  conjunctivitis  and  keratitis,  whilst  later  a  form  of  conjunc- 
tivitis which  usually  accompanied  systemic  influenza  was 
attributed  to  Bacillus  influenzae. 

The  work  thus  begun  by  Koch  and  Weeks  and  further 
pursued  by  Morax,  Axenfeld,  Uhthoff  and  others  has  borne 
such  fruit  that  to-day  we  are  able  to  divide  the  different 
forms  of  conjunctivitis  not  so  much  from  their  clinical 
characteristics  as  from  the  bacteriological  findings. 

During  the  last  two  years  we  have  been  doing  this  bacteri- 
ological work  at  the  Montreal  General  Hospital,  to  which 
institution  upon  April  the  sixth,  1907,  a  mother  brought  her 
infant  of  nine  months  and  complained  that  the  baby's  eyes 
had  been  "  sore  and  running "  for  five  days.  The  clinical 
picture  was  as  follows :  both  eyes  were  involved,  upon  the 
lashes  was  much  dried  secretion.  The  palpebral  conjunctiva 
was  intensely  congested,  while  the  bulbar  conjunctiva  was 
quite  normal.  The  lids  were  not  red  or  swollen.  From  the 
conjunctival  sac  there  was  a  profuse  muco-purulent  discharge 
freely  mixed  with  tears. 

A  little  of  the  discharge  was  smeared  well  over  a  glass 
slide,  fixed,  and  stained  by  Gram's  method,  using  as  a 
counter-stain  a  weak  solution  of  safranin.  Upon  examining 
the  slide  I  saw  here  and  there  tiny  Gram  negative  bacilli 
which  seemed  too  short  and  thick  for  the  Koch-Weeks 
bacillus  and  too  thick  for  Bacillus  influenzae.  This  same 
bacillus  I  had  seen  before  but  in  the  hurry  of  a  large  out- 
door clinic  I  had  not  pursued  it  farther,  contenting  myself 
with  the  thought  that  it  was  Bacillus  influenzae. 

Tubes  of  blood  serum,  plain  agar,  bouillon,  and  hemo- 
globin agar  were  then  inoculated  and  put  in  the  incubator. 
After  twenty-four  hours  a  growth  was  seen  upon  the  hemo- 
globin agar.  The  other  tubes  were  negative.  Smears 
showed  this  same  small  Gram  negative  bacillus  with  staphy- 
lococci. The  bacillus,  after  a  few  days,  was  obtained  in  pure 
culture.  A  conjunctival  sac  was  now  inoculated,  a  conjunc- 
tivitis set  up,  and,  from  the  conjunctival  discharge,  the  same 
small  bacillus  was  obtained. 
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Within  a  month  nine  such  cases  have  presented  themselves 
at  the  out-door  department.  They  have  all  been  infants,  and 
all  from  among  the  Jewish  colony  here.  They  have  all 
shown  definite  characteristic  clinical  features  and  from  each 
case  this  same  bacillus  has  been  isolated. 

Smear  preparations.  —  In  making  a  smear  a  loopful  of 
the  conjunctival  discharge  should  be  teased  well  over  a  glass 
slide,  fixed,  and  stained  preferably  by  Gram's  stain,  using  as 
a  counter-stain  a  five  per  cent  watery  solution  of  safranin. 
Gram's  stain  is  especially  useful  in  conjunctival  work  elimi- 
nating immediately  the  frequently  present  Gram  positive 
bacilli.  Upon  examining  the  smear,  one  finds  here  and 
there  tiny  bacilli.  They  are  short  and  thick,  their  rounded 
ends  giving  the  appearance  of  elongated  cocci.  They  may 
be  found  in  groups  but  seem  to  lie  preferably  singly.  They 
will  be  found  both  within  and  without  the  leucocytes,  gen- 
erally without. 

From  culture  the  bacillus  seems  to  be  slightly  larger  and 
tends  to  appear  as  diplo-bacilli.  It  is  short  and  thick  with 
very  pointed  ends,  is  .5-2.0/*  long  by  .3-0.4/i  wide.  The 
bacillus  shows  uniform  staining,  has  no  capsule,  is  non- 
motile  and  does  not  form  spores.  It  is  decolorized  by 
Gram's  stain,  but  stains  well  with  weak  solutions  of  carbol 
fuchsin  or  methylene  blue. 

Cultural  features.  —  The  tubes  of  hemoglobin  agar  inocu- 
lated with  some  of  the  conjunctival  discharge  gave  a  pretty 
and  characteristic  result  which  was  constant  in  all  the  cases. 
After  twenty-four  hours  in  the  incubator  one  sees  over  the 
surface  numerous  separate  colonies  of  Staphylococcus  albus. 
Around  each  of  these  separate  colonie^  radiating  out  from 
them,  as  centers,  are  seen  very  fine,  colorless,  shiny  rounded 
colonies.  These  colonies  are  exceedingly  fine,  seem  to  keep 
separate,  and  extend  over  the  whole  surface.  The  original 
cultures  from  all  the  cases  were  as  the  one  described  and 
showed  how  well  this  bacillus  grows  in  commensal  relation- 
ship with  the  staphylococcus. 
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From  the  original  tube  the  bacillus  was  obtained  in  pure 
culture  by  surface  seeding  a  plate  of  hemoglobin  agar.  In 
trying  to  obtain  it  in  pure  culture  by  transferring  from  tube 
to  tube,  the  growths  were  always  contaminated  by  the  sta- 
phylococcus. Over  a  plate  of  hemoglobin  agar,  however, 
by  smearing  a  loop  inoculated  from  one  of  the  small  colo- 
nies as  far  from  the  albus  as  possible  the  bacillus  was 
readily  obtained   (in  pure  culture). 

The  growth  of  the  bacillus  on  hemoglobin  agar  is  char- 
acteristic. After  twenty-two  to  twenty-four  hours  in  the 
incubator  the  slant  will  be  seen  covered  with  a  mass  of  tiny 
colonies.  They  remain  separate  and  distinct,  are  colorless, 
and  as  will  be  seen  from  the  tubes  the  colonies  are  no  larger 
than  the  sharp  end  of  a  pin.  Indeed  the  growth  though 
profuse  is  at  times  exceedingly  difficult  to  recognize.  It  is 
seen  much  better  by  artificial  than  by  daylight,  especially 
with  the  proper  reflection  of  light.  The  growth  of  the  bacil- 
lus is  very  easily  affected  even  upon  hemoglobin  agar,  upon 
which  it  grows  best.  Upon  freshly  made  hemoglobin  agar 
it  will  not  grow  in  less  than  forty-eight  hours.  The  reaction 
of  the  media,  too,  is  of  the  greatest  importance.  Hemoglobin 
agar,  neutral,  i.o  alkaline,  .65  acid,  1.0  acid,  and  1.75  acid 
to  phenolphthalein  was  made  up.  Upon  alkaline  media  it 
would  not  grow.  Upon  the  neutral  and  .65  it  was  with  great 
difficulty  transferable.  The  most  satisfactory  reaction,  and 
the  one  which  has  been  latterly  used,  is  the  1.0  and  1.75 
acid. 

The  cultivation  of  this  bacillus  on  media,  upon  which  it 
seemed  to  thrive  best,  has  been  at  times  unsatisfactory  and 
extremely  difficult.  Upon  the  same  batch  of  hemoglobin 
agar  sometimes  it  will  take  forty-eight  hours  before  there  is 
any  sign  of  a  grQwth.  At  other  times  cultivation  is  com- 
paratively easy. 

Upon  glycerine  agar  after  twenty-four  hours  in  the  incu- 
bator a  growth  is  seen.  The  surface  of  the  agar  is  covered 
with  these  same  tiny  pin-point  colorless  colonies.  They  are 
here  hardly  perceptible  but  a  smear  from  the  surface  will 
show  their  presence  in  quantity. 
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Upon  hydrocele  agar  the  growth  is  exceedingly  fine  and 
is  only  perceptible  with  the  proper  reflection  of  light.  From 
behind  no  growth  will  be  seen  but  smears  from  the  surface 
will  show  the  presence  of  the  organism.  Upon  plain  agar 
the  appearance  of  the  growth  is  similar  to  that  upon  hydro- 
cele agar.  The  growth  upon  plain  agar  is  by  no  means  con- 
stant. Upon  blood  serum  the  results  have  been  negative. 
In  bouillon  there  has  never  been  any  growth,  indeed,  even 
in  the  water  of  condensation  from  a  slant  where  there  is  a 
profuse  growth,  the  bacilli  are  very  few  in  number.  To  tubes 
of  litmus  agar  were  added  dextrose,  dextrin,  maltose,  lac- 
tose, saccharose,  galactose,  innulin,  mannit.  The  growths 
here  were  sparse.  Over  the  surface  of  the  agar  were 
seen  these  same  tiny  colorless  pin-point  colonies.  To 
similar  litmus  agar  tubes  to  which  the  sugars  had  already 
been  added  were  added  a  few  drops  of  blood.  The  -- — ■**■ 
here  was  profuse  with  no  change  in  the  reactio: 
bacillus  has  been  cultivated,  too,  upon  Dorset  egg  r 
The  appearance  of  the  growth  is  as  if  the  surface 
medium  had  been  slightly  roughened  with  a  swab  sti< 

To  sum  up  its  cultural  characteristics,  this  bacillu 
only  at  the  body  temperature  and  is  aerobic.  It  grc 
upon  hemoglobin  agar  of  1.0  and  1.75  acid  rcaclioi 
growth  upon  hemoglobin  agar  is  very  easily  affected 
cultivation  of  the  bacillus  is  at  times  difficult.  In  con 
relationship  with  staphylococcus  albus  the  bacillus  gro 

It  grows  on  Dorset  egg  medium,  glycerine  and  hy 
agar  and  has  been  cultivated  upon  plain  agar.  It  c 
grow  in  bouillon  or  in  any  liquid  medium  or  upor 
serum.  It  does  not  produce  gas,  does  not  ferm 
sugars,  and  has  no  chromogenic  characters. 

Viability.  —  The  cultures  on  hemoglobin  agar 
viable  from  two  to  three  weeks  provided  there  is  si 
water  of  condensation  in  the  tubes.  One  culture  inc 
on  April  eleventh  was  transferable  April  twenty-fil 
not  on  May  third.  It  had  not  been  kept  in  the  cold 
any  way  taken  especial  care  of. 
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Pathogenicity.  —  For  the  human  conjunctival  sac  this 
bacillus  is  pathogenic.  A  conjunctival  sac  which  was  found 
to  be  free  from  microorganisms  was  flushed  well  out  with 
warm  water.  Fifteen  minutes  later  the  sac  was  inoculated 
with  a  loopful  of  a  twenty-four-hour  growth.  Twelve  hours 
later  there  was  a  feeling  of  "  something  in  the  eye  "  and  six 
hours  later  the  eye  showed  a  marked  catarrhal  conjunctivitis. 
The  palpebral  conjunctiva  of  the  lower  lid  was  especially 
involved.  The  posterior  conjunctival  vessels  werev somewhat 
dilated,  otherwise  the  bulbar  conjunctiva  was  not  involved. 
From  the  muco-purulent  discharge,  which  was  here,  too, 
freely  mixed  with  tears,  the  organism  was  obtained. 

With  the  washing  from  a  slant  on  hemoglobin  agar  an 
ordinary  house  mouse  was  inoculated  intraperitoneally. 
Eighteen  hours  later  the  mouse  was  unable  to  move,  and  six 
hours  later  was  dead.  At  autopsy  the  peritoneum  was  found 
injected  and  filled  with  a  gelatinous  sticky  exudate.  Smears 
showed  the  pus  cells  filled  with  the  bacilli,  with  little  or  no 
fibrin.  Inoculations  from  the  peritoneum  on  hemoglobin 
agar  gave  pure  growths  of  the  bacillus. 

This  tube  was  washed  down  and  inoculated  intraperi- 
toneally into  a  white  mouse.  Twenty  hours  later  the  mouse 
was  dead.  Post-mortem  was  found  marked  peritonitis  of  the 
gelatinous  type  similar  to  Case  I.  From  the  peritoneum  here 
was  obtained  the  bacillus  in  pure  culture.  A  different  strain  of 
the  bacillus  on  hemoglobin  agar  was  now  taken  and  the  wash 
similarly  injected  into  a  white  mouse.  Sixteen  hours  later 
the  mouse  seemed  very  ill,  was  unable  to  stand  up  or  move, 
and  four  hours  later  was  dead.  From  the  peritoneum,  which 
showed  a  marked  peritonitis  similar  to  the  previous  cases, 
two  tubes  of  hemoglobin  agar  were  inoculated  which  twenty- 
four  hours  later  gave  a  pure  growth  of  the  bacillus.  Hemo- 
globin agar  was  also  inoculated  with  the  heart's  blood,  which 
gave  twenty-four  hours  later  a  pure  growth  of  this  same 
bacillus.  Two  house  mice  were  then  inoculated  with  two 
different  strains;  twenty-four  hours  later  they  were  both 
dead.  Post-mortem  the  marked  gelatinous  peritonitis  was 
found     from     which      pure     cultures    were     obtained,    also 
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pure  cultures  from  the  heart's  blood.  In  one  case  two  tiny 
loopsful  from  the  heart's  blood  gave  a  growth  covering  the 
entire  surface  of  the  agar.  To  check  these  experiments,  on 
April  twenty-ninth  last,  four  mice  (two  white  and  two  house 
mice)  were  inoculated  intraperitoneally  with  four  different 
strains  of  the  bacillus.  The  inoculations  were  done  at  four 
P.M.  April  twenty-ninth.  At  noon  the  following  day  one 
white  mouse  and  one  brown  were  dead.  The  other  two  were 
unable  to  move  or  stand.  Post-mortem  the  peritoneum  in 
all  cases  was  found  involved  as  before.  From  the  perito- 
neum and  from  the  heart's  blood  in  each  case  were  obtained 
pure  growths. 

Discussion  and  differentiation. —  This  microorganism,  then, 
a  cause  of  conjunctivitis,  needs  to  be  differentiated  from  the 
different  known  bacteriological  causes  of  conjunctivitis. 
Differentiation  from  Morax-Axenfeld's  diplo-bacillus,  Petit's 
diplo-bacillus,  Friedelander's  bacillus,  Bacillus  coli,  and 
Bacillus  subtilis  may  be  dealt  with  in  a  few  words.  It  is  far  too 
different  morphologically  and  culturally  to  necessitate  going 
into  minutiae  here.  The  pathogenic  microorganisms  of  the 
conjunctival  sac  which  it  must  be  differentiated  from,  how- 
ever, are  the  Koch-Weeks  bacillus  and  the  different  influenza 
bacilli;  namely,  the  influenza  bacillus  of  Pfeiffer,  the  so- 
called  influenza  bacillus  of  conjunctivitis  of  Miiller,  and  the 
pseudo-influenza  bacillus  of  Zur  Nedden. 

1.  Clinical  considerations:  While  the  different  bacteri- 
ological factors  causing  conjunctivitis  do  not  always,  yet,  in 
the  majority  of  cases  these  organisms  do,  give  rise  to  well 
marked  characteristic  clinical  pictures.  In  Koch-Weeks 
conjunctivitis  one  finds  reddened  and  edematous  lids,  intense 
injection  of  the  bulbar  conjunctiva,  with  profuse  muco-puru- 
lent  discharge.  In  influenza  conjunctivitis  there  is  a  well 
marked  involvement  of  the  bulbar  conjunctiva  and  signs  of 
influenza  elsewhere.  The  Bacillus  influenzae  has  been  found 
in  the  normal  conjunctival  sac  and  in  odd  cases  of  conjunc- 
tivitis where  there  were  no  general  signs  of  influenza,  but  in 
the    majority  of  cases    influenza  conjunctivitis  accompanies 
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systemic  influenza.     Clinically,  Koch-Weeks,  influenza,  and 
the  form  of  conjunctivitis  here  described  are  very  different. 

2.  Morphology :  Differentiation-  by  morphology  is  unsat- 
isfactory and  here  unnecessary.  While  the  Koch-Weeks 
bacillus  may  be  differentiated  from  the  bacillus  influenza  by 
its  appearance  on  the  slide,  and  while  the  bacillus  here  de- 
scribed seems  shorter  and  thicker  than  the  bacillus  influenza, 
I  am  ready  to  admit  that  morphologically  they  are  strikingly 
similar. 

3.  On  media  these  organisms  differ  widely.  The  Koch- 
Weeks  bacillus  does  not  grow  well  on  hemoglobin  agar,  as 
here  used.  It  grows  best  on  hydrocele  or  ascitic  agar,  where 
even  growing  with  the  bacillus  xerosis  it  is  hardly  percepti- 
ble and  dies  out  very  quickly  in  forty-eight  hours  or  a  little 
longer. 

The  Bacillus  influenzae  in  the  presence  of  hemoglobin  after 
twenty-four  hours  shows  a  profuse  raised  growth  of  round 
whitish  colonies.  The  growth  is  easily  seen,  the  colonies 
being  the  size  of  an  ordinary  pin  head.  Older  colonies  show 
some  change  in  color. 

The  bacillus  here  described,  on  hemoglobin  agar,  gives  a 
very  characteristic  appearance.  Over  the  surface  of  the 
agar,  with  a  proper  reflection  of  light,  is  seen  a  mass  of  tiny 
pin-point  colorless  colonies.  The  growth  is  not  easily  seen. 
This  organism  has  also  been  cultivated  on  media  free  from 
hemoglobin. 

4.  Pathogenicity:  The  Koch-Weeks  bacillus  while 
pathogenic  for  the  human  conjunctival  sac  is  not  pathogenic 
for  animals.  The  Bacillus  influenzae  is  slightly  pathogenic 
for  some  animals.  Pfeiffer  found  by  injecting  the  Bacillus 
influenzae  intravenously  into  rabbits  a  characteristic  effect 
was  produced.  He  attributed  these  results  to  toxic  products 
present  in  the  cultures  and  in  none  of  his  experiments  was  he 
ever  able  to  obtain  effects  resembling  septicemic  infection. 
Cantani  by  injecting  the  bacillus  influenza  into  the  anterior 
portion  of  the  brain  of  rabbits  succeeded  in  producing  an 
acute  encephalitis.  The  bacilli,  however,  were  never  found 
in  the  blood  or  other  organs. 

This  bacillus  is  pathogenic  for  mice.     In  every  case  where 
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injected  intraperitoneally  a  marked  peritonitis  was  set  up, 
and  a  septicemia,  as  evidenced  by  pure  cultures  of  the  bacil- 
lus, being  obtained  from  the  heart's  bood. 

This  organism,  then,  is  similar  to  the  different  influenza 
bacilli  in  morphology  and  in  its  growing  well  in  commensal 
relationship  with  staphylococci. 

■ 

It  is  not  Bacillus  influenzae  for  the  following  reasons: 

(1.)  The  form  of  conjunctivitis  set  up  differs  from  influ- 
enza conjunctivitis. 

(2.)  This  bacillus  on  hemoglobin  agar  differs  widely 
from  Bacillus  influenzae.  On  this  media  under  most  favor- 
able conditions  and  with  the  media  at  a  most  suitable 
reaction  the  growth  is  hardly  perceptible,  and  differs  from 
Bacillus  influenzae  on  the  same  media  in  size,  color,  and 
appearance. 

(3.)  The  bacillus  has  been  cultivated  in  media  free  from 
hemoglobin. 

(4.)  It  is  viable  for  a  much  longer  period  than  Bacillus 
influenzae. 

(5.)     It  is  pathogenic  for  mice,  causing  a  septicemia. 

CONCLUSIONS. 

We  have,  then,  here  to  deal  with  a  new  form  of  con- 
junctivitis set  up  by  a  new  etiological  factor.  That  factor 
resembles  somewhat  the  bacillus  of  influenza,  but  differs  from 
it  widely  on  media,  viability,  and  pathogenicity."  From  the 
examination  of  five  hundred  cases  of  conjunctivitis  during  the 
last  year  and  a  half  this  series  of  cases,  occurring  within  a 
month,  seems  to  be  different  from  previously  described 
types.  Nine  cases,  I  recognize,  is  a  small  number  to  draw 
conclusions  from,  but  the  characteristic  clinical  features  of 
these  cases  caused  by  an  organism  not  as  yet  described  as  a 
pathological  factor  in  conjunctivitis  leads  me  to  the  conclu- 
sion that  we  have  here  to  deal  with  a  new  form  of  conjunc- 
tivitis set  up  by  a  new  organism  of  the  conjunctival  sac. 

Until  the  clinical  features  from  which  the  bacillus  should 
take  its  name  are  better  understood,  I  shall  call  it  Bacillus 
McKee. 

[I  take  great  pleasure  in  expressing  my  thanks  to  Dr.  C.  W.  Duval, 
the  director  of  the  laboratory,  for  much  assistance  while  doing  this  work.] 
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